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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. As 
used herein: 


1. Life support devices or systems are those which (a) are 2. Acritical component is any component of a life support 
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason- 
or sustain life, and whose failure to perform, when prop- ably be expected to cause the failure of the life support 
erly used in accordance with instructions for use pro- device or system, or to affect its safety or effectiveness. 


vided with the product, can be reasonably expected to 
result in significant injury to the user. 


TABLE OF CONTENTS 


INTRODUCTION 


GENERAL INDEX 


8 Bit MCUs 


16/32 Bit DSP 


INTRODUCTION 


SGS-THOMSON’s extensive dedicated telephone set product range can meet 
virtually all needs of developers and producers of low, mid and high end telephone 
sets, answering machines and related applications. 

Complementing our devices for line protection, interface and speech, tone and ring 
drivers, is SGS-THOMSON’s dedicated microcontroller product line for telephone 
sets. Performing the central control functions and user features of modern feature 
phone telephone sets, the microcontroller range has been expanded to cover all 
model requirements: from basic telephones with Last Number Redial and 3 to 10 
stored numbers - to Hands Free telephones and feature phones - to integrated 
telephone answering machine controllers. 


Since each microcontroller device is applicable for more than one area of use, the 
entire product line is covered in the Telephone Set ICs Databook and Application 
Manuals. 


SGS-THOMSON’s microcontrollers have two roots. Firstly, the successful non-dedi- 
cated families for general applications, and secondly the Company’s capabilities in 
non-volatile memory technologies. With experience gained from a long history of 
involvement in telephone set applications, SGS-THOMSON has developed two 
families of dedicated microcontrollers and a dedicated DSP device, each with 
integrated features making them attractive and cost-effective system solutions. 


These integrated functions offer features such as: on-chip EEPROM for number 
storage and user preferences; I/O port wakeup functions for low power operation; 
on-chip digital to analog converters for analog controls; voice compression and 
synthesis, tone and DTMF detectors (DSP based); and optimized interfaces to 
SGS-THOMSON dedicated telephone set products. The microcontroller-based 
system complements and adds to the dedicated functions the flexibility that only a 
microcontroller-based system can offer. 
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ST62 8-bit MCUs with ADC and SPI 


DEVICE | ROM) RAM EEPROM VO /TIMER/| TEMP | OP PACKAGE /EMULATING' 
(Bytes) | (Bytes) | (Bytes) _WDOG | RANGE | VOLTAGE | | DEVICES | 
| a —P ; L —+—— -- + -—— 
ST6260 Ln 128 | 128 | 13 | 2/1 | -40,+85°C | 30V-6.0V | PDIP20.PSO20 | 
ieee a 
ST6294 128 | 128 | 21 | 2/1 | -40.485°C | 30V-60V  PDIP28,PSO28  ST62E94 
ST72 8-bit MCUs 
DEVICE | ROM | RAM [EEPROM 1/0 |TIMER/ TEMP | OP. | PACKAGE |EMULATING 
(Bytes) | (Bytes) | (Bytes) 'WDOG: RANGE | VOLTAGE | _ DEVICES | 
af eet 1 
S$T7291 | 256 / 19 5 1 0,+70°c 3 0V-5 5V | PDIP28.PSO28 . 
4 - Se ee 
st7ze3 | 33k | 128 | 128 | 22 | 1/1 | -25.485°C 2 5V-5 BV | PDIP28. PSO28 | ST72E94 
— — = 7 : Se 4 
sT7204 | 6K | 224 | 256 | 22 © 1/1 | -25.485°C | 2.5V-5.5V "| PDIP28,P: PS028 | ST72E94 
ST62 8-bit OTP/EPROM MCUs 
DEVICE | DEVICE | EPROM | OTP RAM | EEPROM vO | TIMER: | TEMP | OP. | PACKAGE | EMULATED | 
| | ROM | WDOG | RANGE ) VOLTAGE | DEVICES 
| (Bytes) | (Bytes) | 270) (Bytes) | ee 
| sTe2E94 | 4k T4128 128 [ar Lan 0.470% T3ov-eov | cpipzew | ste294 
- +-- —- 3 a -- 4 - a 4-— -f——-- ~~—-+ - to - 4 
ST62T94 | ak | 128 | 128 21| 21 |-25,485| 30V-60V| PDIP28 | STe204 | 
! ' PSO28 
ae | | = fee 
ST72 8-bit OTP/EPROM MCUs 
DEVICE | EPROM) OTP | RAM [EEPROM! 1/0 | TIMER/ | TEMP OP. | PACKAGE , EMULATED 
| | ROM | WDOG; RANGE | VOLTAGE | | DEVICES | 
| | MBytes) (Bytes) | (Bytes) (Bytes) [ a i 4 
| ST72E94 | 6K ) - | 224 | 256 22 11 | 0470% ° 30V-55V | CDIPZBW | T7204 
| | ! | ST7293 
i ia 8 I + - ot 7 -- = a ta ae - tH “4 
| st72T94 | ek | 204 | 256 | 221 11 |-25485°%| 3.0v-55V| PDIP28 | ST7204 
| ! t a: | PsO28 | St7293 
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INTRODUCTION 


Middie-range Telephone Set With Ringer, 10 Repertory Numbers and Loudspeaker 


LINE 
INTERFACE KEYBOARD 
TEA7090 


SPEECH + DTMF 


ST6294 or ST729x 
+ RINGER LNR + 10 NUMBERS 


SERIAL BUS 


BUZZER |: | LOUDSPEAKER 
AMPLIFIER 
TEA7532 


VRO1976A 


Middle-range Telephone Set With Ringer, 10 Repertory Numbers and Handfree. 


LINE 
INTERFACE KEYBOARD 


TEA7091 ST6294 or ST729x 
SPEECH + DTMF LNR + 10 NUMBERS 


+ RING Seis 
+LOUD HEARING ( + 4 RING LEVELS 


SERIAL BUS 


fm HF SUPPLY 


eee 


TEA7540 
RINGER HANDFREE 


VR01976 
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8 Bit MCUs 
Type 
Number 
ST6260/65 
ST62E60/T60 
ST62E65/T65 
ST6294 


ST62E94/T94 


$T7291 
$17293 
$1T7294 
ST72E94/T94 


16/32 Bit DSP 


ST18XSTAR 
ST18RXSTAR 


GENERAL INDEX 


Page 
Number 


8-Bit HCMOS MCU with A/D Converter, EEPROM & Auto-Reload 


8-Bit EPROM HCMOS MCU with A/D Converter, EEPROM & 
Auto-Reload Timer 


8-Bit EPROM HCMOS MCU with A/D Converter, EEPROM & 
Auto-Reload Timer 


8-Bit HCMOS MCU with A/D Converter, EEPROM & Auto-Reload 


8-Bit EPROM HCMOS MCUs with A/D Converter, EEPROM & 
Autoreload Timer 


8-Bit HCMOS MCUs with 16K ROM and wake-up Function 
8-Bit HCMOS MCUs with EEPROM 

8-Bit HCMOS MCUs with EEPROM 

8-Bit EPROM HCMOS MCUs with EEPROM 


Page 
Number 


Static Answering and Recording Chip 225 


Romless Static Answering and Recording Chip 263 
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8 Bit MCUs 


ky, SGS-THOMSON ST6260 
IM, icROELECTRONICS ST6265 
8-BIT HCMOS MCUs WITH 

A/D CONVERTER, EEPROM & AUTO-RELOAD TIMER 


PRELIMINARY DATA 


# 3.0 to 6.0V Supply Operating Range 

= 8 MHz Maximum Clock Frequency 

= -40 to +85°C Operating Temperature Range 
# Run, Wait & Stop Modes 

= 5 different interrupt vectors 

Look-up table capability in ROM 


a User ROM: 3868 bytes 
a Data ROM: User selectable size 
(in program ROM) 
a» Data RAM: 128 bytes 
a» EEPROM: 128 bytes 
= PDIP20, PSO20 (ST6260) packages rane 


PDIP28, PSO28 (ST6265) packages 


13/21 fully software programmable I/O as: 
— Input with pull-up resistor 

— Input without pull-up resistor 

— Input with interrupt generation 

— Open-drain or push-pull outputs 

— Analog Inputs 


6/8 I/O lines can sink up to 20mA for direct LED 
or TRIAC driving 


8 bit counter with a 7-bit programmable prescaler PDIP20 
(Timer) 


8 bit auto-reload timer with 7-bit programmable 
prescaler (AR Timer) 


# Digital Watchdog 


® 8 bit A/D Converter with up to 7 (ST6260) and up 
to 13 (ST6265) analog inputs 


= 8 bit Synchronous Peripheral Interface (SPI) 


# On-chip clock oscillator (Quartz Crystal or Ce- 
ramic) 

= Power-on Reset 

= One external not maskable interrupt 

9 powerful addressing modes 

The development tool of the ST626x microcon- 

trollers consists of the ST626x-EMU emulation 

and development system connected via a stand- 


ard RS232 serial line to an MS-DOS Personal 
Computer 


(Ordering Information at the end of the datasheet) 
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Figure 1. ST6260 Pin Configuration 
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Figure 2. ST6265 Pin Configuration 
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Figure 3. ST6260,65 Block Diagram 


PAO PA3 
(porta KT) pad paz / Amn: 


<> porte kXTT) PBO PB3 / 20mA SINK 
PB4 PBS / 20mA SINK * 
PB6 / ARTIMin / 20ma SINK 
PB7 / ARTiMout / 20ma SINK 


=) PCO / Ain * 
PORT (Cy PC1 / TIM1 / Ain * 
PC2 / Sin / Ain 
[wen] 


PC3 / Sout / Ain 
—— AUTORELOAD 
TIMER 


PC4 / SCK / Ain 
STACK LEVEL 1 SERIAL PERIPHERAL 
<—V)_ INTERFACE (SPI) 


STACK LEVEL 2 
< | DIGITAL WATCHDOG 


8 BIT CORE (_Y 
— 8 BIT 


TEST LJ TEST 


NM! [HH __ INTERRUPT 


DATA ROM 
USER 
SELECTABLE 


DATA RAM 
128 Bytes 
DATA EEPROM 
128 Bytes 


l 


USER PROGRAM 
ROM 


3868 Bytes 


Ain = Analog Input 


STACK LEVEL 4 
STACK LEVEL 5 
STACK LEVEL 6 


OSCILLATOR 
SUPPLY DIVIDER 
eee 
V, 


inte) Vg 5 OSCin OSCout RESET 


* NOT AVAILABLE ON ST6260 
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GENERAL DESCRIPTION 


The ST6260 and ST6265 microcontrollers are mem- 
bers of the 8-bit HCMOS ST62xx family, a series of 
devices oriented to low-medium complexity applica- 
tions. All ST62xx members are based on a building 
block approach: a common core is surrounded by a 
combination of on-chip peripherals (macrocells). The 
macrocells of the ST6260 and ST6265 are: the Timer 
peripheral that includes an 8-bit counter with a 7-bit 
software programmable prescaler (Timer1), the 8-bit 
Auto-reload Timer with 7 bit programmable prescaler 
(AR Timer), the 8-bit A/D Converter with up to 7 
(ST6260) and up to 13 (ST6265) analog inputs (A/D 
inputs are alternate functions of I/O pins), the Digital 
Watchdog (DWD) and an 8-bit Serial synchronous 
Peripheral Interface (SPI). In addition, these devices 
offer 128 bytes of EEPROM for non volatile data 
storage. 

ST6260 and ST6265 are well suited for automotive, 
appliance and industrial applications. The ST62E60 
and ST62E65 EPROM versions are available for 
prototypes and low-volume production; also OTP 
versions are available. 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal, a ceramic resonator or an external 
clock signal can be connected between these two 
pins in order to allow the correct operation of the 
MCU with various stability/cost trade-offs. The fre- 
quency at OSCin and OSCout is internally divided 
by 1, 2 or 4 by a software controlled divider. The 
OSCin pin is the input pin, the OSCout pin is the 
output pin. 

RESET. The active low RESET pin is used to 
restart the microcontroller to the beginning of its 
program. 


TEST. The TEST must be held at VSS for normal 
operation (an internal pull-down resistor selects 
normal operating mode if TEST pin is not con- 
nected). 


NMI. The NMI pin provides the capability for asyn- 
chronous interrupt applying an external not mask- 
able interrupt to the MCU. The NMI is falling edge 
sensitive. It is provided with an on-chip pull-up 
resistor and Schmitt trigger characteristics. 


316260/65 


PC1/TIM1/Ain. This pin can be used as a Port C 
I/O bit, as Timer 1 I/O pin or as analog input for the 
on-chip A/D converter. This pin is available only on 
the ST6265 (28 pin version). If programmed to be 
the Timer 1 pin, in input mode it is connected to the 
prescaler and acts as external timer clock or as 
control gate for the internal timer clock. In the 
output mode the timer pin outputs the data bit when 
a time out occurs. 

To use this pin as Timer 1 output a dedicated bit in 
the TIMER 1 Status/Control Register must be set. 
To use this pin as input pin the I/O pin has to be 
programmed as input. The analog mode should be 
programmed to use the line as an analog input. 


PB6/ARTIMin, PB7/ARTIMout. These pins are 
either Port B I/O bits or the Input and Output pins 
of the Auto-reload Timer. To be used as timer input 
function PB6 has to be programmed as input with 
or without pull-up. A dedicated bit in the AR TIMER 
Mode Control Register sets PB7 as timer output 
function. 


PAO-PA7. These 8 lines are organized as one I/O 
port (A). PA4-PA7 are not available on ST6260 (20 
pin version). Each line may be configured under 
software control as input with or without internal 
pull-up resistor, interrupt generating input with pull- 
up resistor, analog input, open-drain or push-pull 
output. 


PBO-PB3, PB4, PB5. These 6 lines are organized 
as one |/O port (B). PB4, PB5 are available only on 
the ST6265 (28 pin version). Each line may be 
configured under software control as input with or 
without internal pull-up resistor, interrupt generat- 
ing input with pull-up resistor, open-drain or push- 
pull output. In output mode these lines can also sink 
20mA for direct LED and TRIAC driving. The reset 
configuration of PBO-PB3 can be selected by mask 
option (pull-up or high impedance). 


PCO-PC4. These 5 lines are organized as one I/O 
port (C). PCO and PC/ are not available on ST6260 
(20 pin version). Each line may be configured under 
software control as input with or without internal 
pull-up resistor, interrupt generating input with pull- 
up resistor, analog input for the A/D converter, 
open-drain or push-pull output. PC2-PC4 can also 
be used as respectively Data in, Data out and Clock 
I/O pins for the on-chip SPI to carry the synchro- 
nous serial I/O signals. 
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ST62xx CORE 


The core of the ST62xx Family is implemented Figure 4. ST62xx Core Programming Model 
independently from the I/O or memory configura- 
tion. Consequently, it can be treated as an inde- 


pendent central processor communicating with I/O b7 XREG POINTER pO | 
and memory via internal addresses, data, and con- INDEX ) SHORT 
trol busses. The in-core communication is arranged REGISTER ) |}b7 YREG POINTER b0 ak ee - 


as shown in Figure 5; the controller being externally 


linked to both the reset and the oscillator, while the VREGISTER —-bO| | MODE 


core is linked to the dedicated on-chip macrocells b7 | WREGISTER bO | 
b7 ACCUMULATOR 


peripherals via the serial data bus and indirectly for 
interrupt purposes through the control registers. 


Registers PROGRAM COUNTER b0 

The ST62xx Family core has six registers and three ee ee 
pairs of flags available to the programmer. They are 
shown in Figure 4 and are explained in the following suacuces 


paragraphs. STACK REGISTER 
Accumulator (A). The accumulator is an 8-bit 
general purpose register used in all arithmetic cal- 
culations, logical operations, and data manipula- 
tions. The accumulator is addressed in the data 
space as RAM location at address FFh. Accord- NORMAL FLAGS 
ingly the ST62xx instruction set can use the accu- 
mulator as any other register of the data space. INTERRUPT FLAGS 


NMI FLAGS 
VA000423 


Figure 5. ST62xx Core Block Diagram 
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VROO1811 
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ST62xx CORE (Continued) 


Indirect Registers (X, Y). These two indirect reg- 
isters are used as pointers to the memory locations 
in the data space. They are used in the register-in- 
direct addressing mode. These registers can be 
addressed in the data space as RAM locations at 
addresses 80h (X) and 81h (Y). They can also be 
accessed with the direct, short direct, or bit direct 
addressing modes. Accordingly, the ST62xx in- 
struction set can use the indirect registers as any 
other register of the data space. 


Short Direct Registers (V, W). These two registers 
are used to save one byte in short direct addressing 
mode. These registers can be addressed in the 
data space as RAM locations at addresses 82h (V) 
and 83h (W). They can also be accessed with the 
direct and bit direct addressing modes. Accord- 
ingly, the ST62xx instruction set can use the short 
direct registers as any other register of the data 
space. 


Program Counter (PC) 


The program counter is a 12-bit register that con- 
tains the address of the next ROM location to be 
processed by the core. This ROM location may be 
an opcode, an operand, or an address of operand. 
The 12-bit length allows the direct addressing of 
4096 bytes in the program space. Nevertheless, if 
the program space contains more than 4096 loca- 
tions, the further program space can be addressed 
by using the Program Bank Switch register. 

The PC value is incremented, after it is read the 
address of the current instruction. To execute rela- 
tive jumps the PC and the offset are shifted through 
the ALU, where they will be added, and the result 
is shifted back into the PC. The program counter 
can be changed in the following ways: 


— JP (Jump) instruction. . . PC= Jump address 
— CALL instruction PC= Call address 

— Relative Branch Instructions.PC= PC + offset 
PC= Interrupt vector 
PC= Reset vector 
PC= Pop (stack) 
PC= PC + 1 


— RET & RETI instructions . 
—Normalinstruction .... 


ST6260/65 


Flags (C, Z) 


The ST62xx core includes three pairs of flags that 
correspond to 3 different modes: normal mode, 
interrupt mode and Non-Maskable-Interrupt-mode. 
Each pair consists of a CARRY flag and a ZERO 
flag. One pair (CN, ZN) is used during normal 
operation, one pair is used during the interrupt 
mode (Cl, ZI) and one is used during the not-mask- 
able interrupt mode (CNMI, ZNMI). 


The ST62xx core uses the pair of flags that corre- 
spond to the actual mode: as soon as an interrupt 
(resp. a Non-Maskable-Interrupt) is generated, the 
ST62xx core uses the interrupt flags (resp. the NMI 
flags) instead of the normal flags. When the RET! 
instruction is executed, the normal flags (resp. the 
interrupt flags) are restored if the MCU was in the 
normal mode (resp. in the interrupt mode) before 
the interrupt. It should be observed that each flag 
set can only be addressed in its own routine (Not- 
maskable interrupt, normal interrupt or main rou- 
tine). The flags are not cleared during the context 
switching and so remain in the state they were at 
the exit of the last routine switching. 


The Carry flag is set when a carry or a borrow 
occurs during arithmetic operations, otherwise it is 
cleared. The Carry flag is also set to the value of 
the bit tested in a bit test instruction, and partici- 
pates in the rotate left instruction. 


The Zero flag is set if the result of the last arithmetic 
or logical operation was equal to zero, otherwise it 
is cleared. 


The switching between the three sets of flags is 
automatically performed when an NMI, an interrupt 
or a RETI instructions occurs. As the NMI mode is 
automatically selected after the reset of the MCU, 
the ST62xx core uses at first the NMI flags. 
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ST62xx CORE (Continued) 


Stack 


The ST62xx core includes true LIFO hardware 
stack that eliminates the need for a stack pointer. 
The stack consists of six separate 12-bit RAM 
locations that do not belong to the data space RAM 
area. When a subroutine call (or interrupt request) 
occurs, the contents of each level is shifted into the 
next level while the content of the PC is shifted into 
the first level (the value of the sixth level will be lost). 
When a subroutine or interrupt return occurs (RET 
or RETI instructions), the first level register is 
shifted back into the PC and the value of each level 
is popped back into the previous level. These two 
operating modes are described in Figure 6. Since 
the accumulator, as all other data space registers, 
is not stored in this stack the handling of these 
registers should be performed inside the subrou- 
tine. The stack pointer will remain in its deepest 
position if more than 6 calls or interrupts are exe- 
cuted, so that the last return address will be lost. It 
will also remain in its highest position if the stack is 
empty and a RET or RETI is executed. In this case 
the next instruction will be executed. 


Figure 6. Stack Operation 


PROGRAM COUNTER 


WHEN CALL 


RET OR RETI 
OCCURS 


INTERRUPT REQUEST 
OCCURS 
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MEMORY SPACES 


The MCU operates in three different memory 
spaces: program space, data space, and stack 
space. A description of these spaces is shown in 
the following figures. 


Program Space 


The program space is physically implemented in 
the ROM memory and includes all the instructions 
that are to be executed, as well as the data required 
for the immediate addressing mode instructions, 
the reserved test area and the user vectors. It is 
addressed by the 12-bit Program Counter register 
(PC register) and so the ST62xx core can directly 
address up to 4K bytes of Program Space. 


Table 1. ST6260/65 Program ROM Memory Map 


User Program ROM 
0080h-OF9Fh 3856 Bytes 


OFAOh-OFEFh Reserved 
OFFOh-OFF7h Interrupt Vectors 
OFF8h-OFFBh Reserved 
OFFCh-OFFDh NMI Vector 


OFFEh-OFFFh User Reset Vector 
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MEMORY SPACES (Continued) 
Figure 7. Memory Addressing Description Diagram 
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MEMORY SPACES (Continued) 


Data Space 


The instruction set of the ST62xx core operates on 
a specific space, named Data Space, that contains 
all the data necessary for the processing of the 
program. The Data Space allows the addressing of 
RAM and EEPROM memory, ST62xx core/periph- 
eral registers, and read-only data such as con- 
stants and look-up tables. 


Data ROM. All the read-only data is physically im- 
plemented in the ROM memory in which the Program 
Space is also implemented. The ROM memory con- 
tains consequently the program to be executed, the 
constants and the look-up tables needed for the 
program. 


The locations of Data Space in which the different 
constants and look-up tables are addressed by the 
ST62xx core can be considered as being a 64-byte 
window through which it is possible to access to the 
read-only data stored in the ROM memory . 


Data RAM/EEPROM.The ST6260/65 offer 128 
bytes of data RAM memory and 128 bytes of 
EEPROM. 64 bytes of RAM are directly addressed 
in data space in the range 080h-OBFh (static 
space). The additional RAM and EEPROM are 
addressed using the banks of 64 bytes located 
between addresses 00h and 3Fh. 


Stack Space 


The stack space consists of six 12 bit registers that 
are used for stacking subroutine and interrupt re- 
turn addresses plus the current program counter 
register. 


Figure 8. ST6260,65 Data Memory Space 


DATA and EEPROM 


DATA ROM WINDOW AREA 


DATA RAM 


RESERVED 


RESERVED 


SPI DATA REGISTER 
SPI DIVIDER REGISTER 
SPI MODE REGISTER 


RESERVED 


DATA RAM PAGE REGISTER 
RESERVED 
EEPROM CONTROL REGISTER 
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000h 


03Fh 
040h 


07Fh 
080h 
08ih 
082h 
083h 
084h 


OBFh 
0COh 
O0Cth 
0C2h 
O0C3h 
0C4h 
O0C5h 
OC6h 
O0C7h 
OC8h* 
OCSh* 
OCAh 
OCBh 
O0CCh 
oCDh 
OCEh 
OCFh 
ODOh 
ODih 
OD2h 
OD3h 
0D4h 
OD5h 
OD6h 
OD7h 
OD8h 
OD9h 
ODAh 
ODBh 
ODCh* 
ODDh 
ODEh 
ODFh 
OEOh 
OEth 
OE2h 
OESh 
OE7h 
OE8h* 
OE9h 
OEAh 
OEBh 
OFEh 
OFFh 


MEMORY SPACES (Continued) 


Data Window register (DWR) 


The Data ROM window is located from address 
040h to address 7Fh in the Data space. It allows 
the direct reading of 64 consecutive bytes located 
anywhere in the ROM memory between the ad- 
dresses 0000h and 1FFFh. All the bytes of the 
ROM memory can be used to store either instruc- 
tions or read-only data. Indeed, the window can 
be moved by step of 64 bytes along the ROM 
memory in writing the appropriate code in the 
Write-only Data Window register (DWR register, 
location C9h). 


The DWR register can be addressed like a RAM 
location in the Data Space at the address CQh, 
nevertheless it is a write only register that cannot 
be accessed with single-bit operations. This regis- 
ter is used to move the 64-byte read-only data 
window (from the 40h address to 7Fh address of 
the Data Space) up and down the ROM memory of 
the MCU in steps of 64 bytes. The effective address 
of the byte to be read as a data in the ROM memory 
is obtained by the concatenation of the 6 least 
significant bits of the register address given in the 
instruction (as least significant bits) and the content 
of the DWR register (as most significant bits, see 
Figure 8). So when addressing location 40h of 
dataspace, and 0 is loaded in the DWR register, the 
phisycal addressed location in ROM is 00h. The 
DWR register is not cleared at reset, therefore it 
must be written to before the first access to the Data 
ROM window area. 


Figure 9. Data ROM Window Memory Addressing 


DATA ROM 13 12 
WINDOW REGISTER 7 
CONTENTS 
(DWR) 


Example: 
DWR=28h 
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Figure 10. Data ROM Window Register 


DWR 


Data ROM Window Register 
(C9h, Write Only) 


BEEICIEIESENt 


DWRO = Data ROM Window 0 
DWR1 = Data ROM Window 1 
DWR2 = Data ROM Window 2 
DWR3 = Data ROM Window 3 
DWR4 = Data ROM Window 4 
DWRS5 = Data ROM Window 5 
DWRE6 = Data ROM Window 6 
Unused 


D7. This bit is not used. 


DWR6-DWRO. These are the Data ROM Window 
bits that correspond to the upper bits of the data 
ROM space. 


This register is undefined on reset. Neither read 
nor single bit instructions may be used to ad- 
dress this register. 


Note: Care is required when handling the DWR 
register as it is write only. For this reason, it is not 
allowed to change the DWR contents while execut- 
ing interrupt service routine, as the service routine 
cannot save and then restore its previous content. 
If it is impossible to avoid the writing of this register 
in the interrupt service routine, an image of this 
register must be saved in a RAM location, and each 
time the program writes to the DWR it must write 
also to the image register. The image register must 
be written first, so if an interrupt occurs between 
the two instructions the DWR is not affected. 


0 PROGRAM SPACE ADDRESS 
READ 


0 DATA SPACE ADDRESS: 


40h-7Fh 
IN INSTRUCTION 


DATA SPACE ADDRESS; 
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MEMORY SPACES (Continued) 


Data RAM/EEPROM Bank Register (DRBR) 


The selection of the bank is made by programming 
the Data RAM Bank Switch register (DRBR register) 
located at address E8h of the Data Space according 
to Table 2. No more than one bank should be set at 
a time. 


The DRBR register can be addressed like a RAM 
location in the Data Space at the address E8h; 
nevertheless it is a write only register that cannot 
be accessed with single-bit operations. This regis- 
ter is used to select the desired 64-byte 
RAM/EEPROM bank of the Data Space. The num- 
ber of bank has to be loaded in the DRBR register 
and the instruction has to point to the selected 
location as if it was in bank 0 (from 00h address to 
3Fh address). 


This register is not cleared during the MCU initiali- 
zation, therefore it must be written before the first 
access to the Data Space bank region. Refer to the 
Data Space description for additional information. 
The DRBR register is not modified when an inter- 
rupt or a subroutine occurs. 


Table 2. Data RAM Bank Register Set-up 


a 


None 
EEPROM Page 0 


EEPROM Page 1 
RAM Page 2 
Reserved 


Figure 11. Data RAM Bank Register 


DRBR 


Data RAM Bank Register 
(E8h, Write Only) 


ebb [ala]. 


DRBRO Data EEPROM Bank 0} 


DRBR1 Data EEPROM Bank 1 
Unused 

Unused 

DRBR4 Data RAM Bank 2 
Unused 


D7-D5. These bits are not used. 

DRBR4. This bit, when set, selects RAM page 2. 
D3-D2. These bits are not used. 

DRBR1. This bit, when set, selects EEPROM page 1. 
DRBRO. This bit, when set, selects EEPROM page 0. 


Notes: 


Care is required when handling the DRBR register 
as it is write only. For this reason, it is not allowed 
to change the DRBR contents while executing 
interrupt service routine, as the service routine 
cannot save and then restore its previous content. 
If it is impossible to avoid the writing of this register 
in interrupt service routine, an image of this register 
must be saved in a RAM location, and each time 
the program writes to DRBR it must write also to 
the image register. The image register must be 
written first, so if an interrupt occurs between the 
two instructions the DRBR is not affected. 


In DRBR Register, only 1 bit must be set. Otherwise 
two or more pages are enabled in parallel, produc- 
ing errors. 
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MEMORY SPACES (Continued) 


EEPROM Description 


The data space of ST62xx family from 00h to 3Fh 
is paged as described in Table 3. The ST6260/65 
has 128 bytes of EEPROM located in two pages of 
64 bytes (page 0 and 1). 


The EEPROM is physically organized in 32 byte 
modules (2 modules per page) and does not re- 
quire dedicated instructions to be accessed in read- 
ing or writing. Once selected through the Data RAM 
Bank Register, the active EEPROM page is con- 
trolled by the EEPROM Control Register (EECTL) 
located at address EAh. E20FF bit of the EECTL 
register must be cleared to “0” prior to any write or 
read access to the EEPROM. If no bank is selected 
or if E2OFF is set, any access is meaningless. 


Programming must be enabled by setting bit 
E2ENA of register EECTL. 


Bit E2CBUSY of EECTL register is set to 1 when the 
EEPROM is performing a programming cycle. Any 
access to the EEPROM when E2BUSY is set to 1 
is meaningless. 


Provided E2OFF and E2BUSY are cleared to 0, an 
EEPROM location is read like any other data loca- 
tion, also in term of access time. 


Writing the EEPROM can work in two modes: Byte 
Mode (BMODE) and Parallel Mode (PMODE). 
BMODE is the normal way to use the EEPROM and 
consists in accessing one byte at a time. PMODE 
consists in simultaneously programing 8 bytes of 
the same row. 


Figure 12. EEPROM Control Register 


EECTL 


EEPROM Control Register 
(EAh, Read/Write 


EIENEICIEIEIENGd 


E2ENA = EEPROM Enable Bit 
E2BUSY = EEPROM Busy Bit’ 
E2PAR2 = Parallel Mode En Bi 
E2PAR1 = Parallel Start Bit 
Reserved (Must be set Low) 
Reserved (Must be set Low) 
E2OFF = Stand-by Enable Bit 
Unused 


*Read Only 
All other used bits are Write Only 
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D7. Not Used 


E2OFF. WAITE ONLY. If this bit is set the EEPROM 
is disabled (any access will be meaningless) and 
the power consumption of the EEPROM is reduced 
to the lowest values. 


D5, D4. Reserved, must be set to zero. 


E2PAR1. WAITE ONLY. Once in Parallel Mode, as 
soon as the user software sets the E2PAR1 bit the 
parallel writing of the 8 adjacent registers will start. 
It is internally reset at the end of the programming 
procedure. Note that less than 8 bytes can be 
written; the undefined bytes are unaffected by the 
parallel programming. 


E2PAR2. WAITE ONLY. This bit must be set by the 
user program in order to perform parallel program- 
ming (more than one byte at a time). If E2PAR2 is 
set and the parallel start bit (E2PAR1) is low, up to 
8 adjacent bytes can be written at maximum speed, 
the contents being stored in volatile registers. 
These 8 adjacent bytes are considered as a row, 
whose address lines A7, A6, A5, A4, A3 are fixed 
while A2, A1 and AO are the changing bits. E2PAR2 
is automatically reset at the end of any parallel 
programming procedure. It can be reset by the user 
software before starting the programming proce- 
dure, leaving the EEPROM registers unchanged. 


E2BUSY. READ ONLY. This bit is automatically set 
by the EEPROM control logic when the EEPROM 
is in programming mode. The user program should 
test it before any read or write EEPROM operation; 
any attempt to access the EEPROM while the busy 
bit is set will be aborted and the writing procedure 
in progress completed. 


E2ENA. WAITE ONLY. This bit enables program- 
ming of the EEPROM cells. It must be set to one 
before any write into the EEPROM register. Any 
attempt to write to the EEPROM when E2ENA is 
low is meaningless and will not trigger a write 
cycle. 


This register is cleared at reset. 
Notes: 


The data to write has to be written directly at the 
address that it will have inside the EEPROM space. 
There is no buffer memory between the data RAM 
and the EEPROM spaces. 


When the EEPROM is busy (E2BUSY = “1”) EECTL 
can not be accessed in write mode, it is only 
possible to read the status of E2BUSY. This implies 
that as long as the EEPROM is busy, it is not 
possible to change the status of the EEPROM 
Control Register. EECTL bits 4 and 5 are reserved 
and must never be set to “1”. 


fj SGs:‘THOMSON 8S 
IF, WiCROELECTROMICS 


21 


$T6260/65 


MEMORY SPACES (Continued) 
Table 3. EEPROM Parallel Write Row Structure 


Dataspace 
addresses. 
Banks 0 and 1. 


38h-3Fh 
30h-37h 
28h-2Fh 
20h-27h 
18h-1Fh 
10h-1Fh 
O8h-OFh 
00h-07h 


Up to 8 bytes in each row may be programmed at the same time in Parallel Write mode 


Additional Notes on Parallel Mode. If the user 
wishes to perform parallel programming, the first 
action should be to set the E2PAR2 bit to one. From 
this time the EEPROM will be addressed in writing, 
the ROW address will be latched and it will be 
possible to change it only at the end of the program- 
ming procedure or by resetting E2PAR2 without 
programming the EEPROM. After the ROW ad- 
dress latching the ST62xx can “see” only one 
EEPROM row (the selected one) and any attempt 
to write or read other rows will produce errors. Do 
not read the EEPROM while E2PAR2 is set. 


As soon as E2PAR2 bit is set, the 8 volatile ROW 
latches are cleared. From this moment the user can 
load data in the wnole ROW or in a subset. Setting 
E2PAR1 will modify the EEPROM registers corre- 


sponding to the ROW latches accessed after 
E2PAR2. For example, if the software sets E2PAR2 
and accesses the EEPROM by writing to ad- 
dresses 18h, 1Ah, 1Bh and then sets E2PAR1, 
these three registers will be modified at the same 
time; the remaining bytes will be unaffected. Note 
that E2PARZ2 is internally reset at the end of the 
programming procedure. This implies that the user 
must set E2PAR2 bit between two parallel pro- 
gramming procedures. Note that if the user tries to 
set E2PAR1 while E2PAR2 is not set there will not 
be any programming procedure and the E2PAR1 
bit will be unaffected. Consequently E2PAR1 bit 
cannot be set if E2ENA is low. E2PAR1 can be 
affected by the user to set it, only if E2ZENA and 
E2PARZ2 bits are also set to one. 
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TEST MODE 


For normal operation the TEST pin must be held 
low when reset is active. An on-chip 100kQ pull- 
down resistor is internally connected to the TEST 


pin. 


INTERRUPTS 


The ST62xx core can manage 4 different maskable 
interrupt sources, plus one non-maskable interrupt 
source (top priority level interrupt). Each source is 
associated with a particular interrupt vector that 
contains a Jump instruction to the related interrupt 
service routine. Each vector is located in the Pro- 
gram Space at a particular address (see Table 1). 
When a source provides an interrupt request, and 
the request processing is also enabled by the 
ST62xx core, then the PC register is loaded with 
the address of the interrupt vector (i.e. of the Jump 
instruction). 

Finally, the PC is loaded with the address of the 
Jump instruction and the interrupt routine is proc- 
essed. 


The ST6260 and ST6265 microcontrollers have 
eight different interrupt sources associated to five 
interrupt vectors as it is described in table below. 


Table 4. Interrupt Vector/Source Relationship 


[wi_—__| itera vecor #0 | (FFCR, EFDA) 
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Interrupt Vectors Description 


The ST62xx core includes 5 different interrupt vec- 
tors in order to branch to 5 different interrupt rou- 
tines in the static page of the Program Space. 


— The interrupt vector associated with the non- 
maskable interrupt source is named interrupt 
vector #0. It is located at addresses FFCh,FFDh 
in the Program Space. On ST6260 and ST6265 
this vector is associated with the external falling 
edge sensitive interrupt pin (NMI). 

— The interrupt vector located at addresses FF6h, 
FF7h is named interrupt vector #1. It is associ- 
ated with Port A and Port B pins. It can be 
programmed by software either in the falling 
edge detection mode or in the low level sensitive 
detection mode according to the code loaded in 
the Interrupt Option Register (IOR). 


— The interrupt vector located at addresses FF4h, 
FF5h is named interrupt vector #2. It is associate 
with Port C pins and the SPI peripheral can be 
programmed by software either in the falling 
edge detection mode or in the positive edge 
detection mode according to the code loaded in 
the Interrupt Option Register (IOR). 


— The interrupt vector located at addresses FF2h, 
FF3h is named interrupt vector #3. It is associ- 
ated with the AR TIMER peripheral. 


— The interrrupt vector loaded at address FFOh, 
FF1h is named interrupt vector #4. It is associ- 
ated with the TIMER 1 and the A/D converter 
peripherals. 


All the on-chip peripherals have an interrupt re- 
quest flag bit (TMZ for timer, EOC for A/D), this bit 
is set to one when the device wants to generate an 
interrupt request and a mask bit (ETI for timer, EAI 
for A/D) that must be set to one to allow the transfer 
of the flag bit to the core. 


Interrupt Priority 


The non-maskable interrupt request NMI has the 
highest priority and can interrupt any other interrupt 
routines at any time, nevertheless the four other 
interrupts can not interrupt each other. If more than 
one interrupt request are pending, they are proc- 
essed by the ST62xx core according to their priority 
level: vector #1 has the higher priority while vector 
#4 the lower. 

The priority of each interrupt source is fixed. 
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INTERRUPT (Continued) 


Interrupt Option Register 


The Interrupt Option Register (IOR register, loca- 
tion C8h) is used to enable/disable the individual 
interrupt sources and to select the operating mode 
of the external interrupt inputs. This register can be 
addressed in the Data Space as RAM location at 
the address C8h, nevertheless it is a write-only 
register that cannot be accessed with single-bit 
operations. The operating modes of the external 
interrupt inputs associated to interrupt vectors #1 
and #2 are selected through bits 5 and 6 of the |OR 
register. 


Figure 13. Interrupt Option Register 


IOR 


Interru tite On Register 
(C&h, Write Only) 


PPP [=lal]= 


= Unused 


GEN = Global Enable Bit 

ESB = Edge Selection Bit 

LES = Edge Level Selection Bit 
Unused 


D7. D3-D0 These bits are not used. 


LES. Level/Edge Selection Bit. When this bit is set 
to one, the interrupt #1 (Port A, B lines) is low level 
sensitive, when cleared to zero the negative edge 
sensitive interrupt is selected. 


ESB. Edge Selection Bit. When this bit is set to one, 
the interrupt #2 (Port C lines) is positive edge 
sensitive, when cleared to zero the negative edge 
sensitive interrupt is selected. 


GEN. Global Enable Interrupt. When this bit is set 
to one, all the interrupts are enabled. When this bit 
is cleared to zero all the interrupts (excluding NMI) 
are disabled. 


This register is cleared on reset. 


Table 5. Interrupt Option Register Description 


SET Enable all interrupts 
CLEARED | Disable all interrupts 


Rising edge mode on 
interrupt input #2 


CLEARED | Falling edge mode on 
interrupt input #2 
Level-sensitive mode on 
interrupt input #1 
CLEARED | Falling edge mode on 
interrupt a #1 
OTHERS |NOTUSED sd USED 


External Interrupts Operating Modes 


The NMI interrupt is associated to the NMI pin of the 
ST6260/65. The interrupt request is generated by a 
falling edge applied to the NMI pin. The NMI interrupt 
pin signal is latched and is automatically reset by the 
core at the beginning of the non-maskable interrupt 
service routine. An on-chip pull-up resistor and a 
Schmitt trigger are available at pin NMI. 


The two interrupt sources associated with the fall- 
ing/rising edge mode of the external interrupt pins 
(Ports A and B vector #1, Ports C vector #2) are 
connected to two internal latches. Each latch is set 
when a falling/rising edge occurs and is cleared when 
the associated interrupt routine is started. So, the 
occurrence of an external interrupt request is stored: a 
second interrupt, that occurs during the processing of 
the first one, will be processed as soon as the first one 
has been finished (if there is not an higher priority 
interrupt request). If more than one interrupt occurs 
during the processing of the first one, these other 
interrupt requests will be lost. 


The storage of the interrupt requests is not available in 
the level sensitive detection mode. To be taken into 
account, the low level must be present on the interrupt 
pin when the core samples the line after the execution 
of the instructions. At the end of each instruction the 
core tests the interrupt lines and if there is a pend- 
ing interrupt request the next instruction is not 
executed and the related interrupt routine is exe- 
cuted. 


Note: 


When GEN bit is low, the NMI interrupt is active but 
Cannot cause a wake up from STOP/WAIT modes. 
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INTERRUPT (Continued) 


Interrupt Procedure. The interrupt procedure is 
very similar to a call procedure, indeed the user can 
consider the interrupt as an asynchronous call 
procedure. As this is an asynchronous event, the 
user does not know about the context and the time 
at which it occurred. As a result the user should 
save all the data space registers which will be used 
inside the interrupt routines. There are separate 
sets of processor flags for normal, interrupt and 
non-maskable interrupt modes which are automat- 
ically switched and so these do not need to be 
saved. 

The following list summarizes the interrupt procedure: 

ST62xx actions 

— Interrupt detection 

— The flags C and Z of the main routine are ex- 
changed with the flags C and Z of the interrupt 
routine (or the NMI flags) 

— The value of the PC is stored in the first level of 
the stack 

— The normal interrupt lines are inhibited (NMI still 
active) 

— First internal latch is cleared 

— The related interrupt vector is loaded in the PC. 

User actions 

— User selected registers are saved inside the in- 
terrupt service routine (normally on a software 
stack) 

— The source of the interrupt is found by polling 
(if more than one source is associated to the 
same vector) the interrupt flag of the source. 

— Interrupt servicing 

— Return from interrupt (RET) 

ST62xx actions 

— Automatically the ST62xx core switches back to 
the normal flags (or the interrupt flags) and pops 
the previous PC value from the stack 

The interrupt routine begins usually by the identifi- 

cation of the device that has generated the interrupt 

request (by polling). The user should save the 
registers which are used inside the interrupt routine 

(that holds relevant data) into a software stack. 

After the RETI instruction execution, the core car- 

ries out the previous actions and the main routine 

can continue. 
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Figure 14. Interrupt Processing Flow-Chart 
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INTERRUPT (Continued) 
Table 6. Interrupt Requests and Mask Bits 


Peripheral Register Address 


| Mask bit | Masked Interrupt Source 
| GEN All Interrupts, excluding NMI 
ee All I/O Pins Interrupt Request 


TMZ: TIMER 1 Overflow 
EOC: End of Conversion 


AR TIMER ARMC D5h OVIE OVF: AR TIMER Overflow 
CPIE CPF: Successful compare 
FIE EF: Active edge on ARTIMin 


SPIMOD | Bh SPIE SPIF: End of Transmission 
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FROM REGISTER PORT A,B,C 
SINGLE BIT ENABLE 


PORT A [_] 


PorT B | PBE | 
Bit 
i INT #1 (FF6,7) 
RESTART FROM 
IOR REG. C8H, bit 6 STOP /WAIT 
PBE | IN 


PORT C [7] | PRE T #2 (FF4,5) 
Bits ete +1 


SPI 


CPIE 


EF 
EIE 


TMZ 
ETI 


FF = 
NMI [_] Clk lee NMI (FFC,D) 
Za CLR 


lgStoart 


IOR REG C8H, bit 5 p2stort 
OVF 
OVIE 
aermucal Cee ) ) ee INT #3 (FF2,3) 


TIMER1 INT #4 (FFO,1) 


Bit GEN (IOR Register) 
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RESET 


The ST6260/65 can be reset in three ways: by the 
external reset input (RESET ) tied low, by power-on 
reset and by the digital Watchdog peripheral 


RESET Input 


The RESET pin can be connected to a device of 
the application board in order to restart the MCU 
during its operation. The activation of the RESET 
pin may occur in the RUN, WAIT or STOP mode. 
This input has to be used to reset the MCU internal 
state and provide a correct start-up procedure. The 
pin is active low and has a schmitt trigger input. The 
internal reset signal is generated by adding a delay 
to the external signal. Therefore even short pulses 
at the RESET are accepted, provided Vpp has 
finished its rising phase and the oscillator is running 
correctly (normal RUN or WAIT modes). The MCU 
is kept in the Reset state as long as the RESET pin 
is held low. 


If the RESET activation occurs in the RUN or WAIT 
mode, the processing of the program is stopped (in 
RUN mode only) and the Input/Outputs are placed 
in input with pull-up resistors. When the level on the 
RESET pin becomes high, the initialization se- 
quence is executed just after the internal delay. 


lf a RESET pin activation occurs in the STOP 
mode, the oscillator starts and all the inputs/outputs 
are configured in input with pull-up resistors. When 
the level of the RESET pin becomes high, the 
initialization sequence is started just after the in- 
ternal delay. 


Power-on Reset 


The function of the POR consists in waking up the 
MCU during the power-on sequence. At the begin- 
ning of this sequence, the MCU is configured in the 
Reset state: every Input/Output port is configured 
in input with pull-up resistor and no instruction is 
executed. When the power supply voltage be- 
comes sufficient, the oscillator starts to operate, 
nevertheless an internal delay is generated to allow 
the oscillator to be completely stabilized before the 
execution of the first instruction. The initialization 
sequence is executed just after the internal delay. 


The internal delay is generated by an on-chip 
counter. This releases the internal reset of the MCU 
2048 oscillator cycles after the RESET pin be- 
comes high. 


Note: 


To have a correct start-up, the user should take 
care that the internal reset is not released before 
the Vpp level is sufficient to allow MCU operation 
at the chosen frequency (see Recommended Op- 
erating Conditions). 

A proper reset signal for slow rising Vpp can be 


generally provided by an external RC network con- 
nected at pin RESET. 
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RESET (Continued) 


Watchdog Reset 


The ST6260 and ST6265 provide an on-chip 
watchdog function in order to provide a graceful 
recovery from a software upset. If the watchdog 
register is not refreshed, preventing the end-of- 
count being reached, the internal reset is activated. 
This, in particular, resets the watchdog. The MCU 
restarts as with normal reset from RESET pin in- 
cluding the internal delay. 


Figure 16. Reset Circuit 


POWER ON RESET 


WATCHDOG RESET 
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Application Notes 


An external resistor between Vpp and reset pin is 
not required because an internal pull-up device is 
provided. 


The POR device operates in a dynamic manner in 
the way that it brings about the initialization of the 
MCU when it detects a dynamic rising edge of the 
Vpp voltage. The typical detected threshold is 
about 2 volts, but the actual value of the detected 
threshold depends on the way in which the Vpp 
voltage rises up. The POR device DOES NOT allow 
the supervision of a static or slowly rising or falling 
edge of the Vpp voltage. 


INTERNAL 
RESET 


COUNTER 


RESET 


VAOB200 
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RESET (Continued) 


Figure 17. Reset and Interrupt Processing 
Flow-Chart 
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VA000427 


MCU Initialization Sequence 


When a reset occurs the stack is reset to the 
program counter, the PC is loaded with the address 
of the reset vector (located in the program ROM at 
addresses FFEh & FFFh). Ajump instruction to the 
beginning of the program has to be written into 
these locations. After a reset a NMI is automatically 
activated so that the core is in non-maskable inter- 
rupt mode to prevent false or ghost interrupts dur- 
ing the restart phase. Therefore the restart routine 
should be terminated by a RETI instruction to 
switch to normal mode and enable interrupts. If no 
pending interrupt is present at the end of the reset 
routine the ST62xx will continue with the instruction 
after the RETI; otherwise the pending interrupt will 
be serviced 


Figure 18. Restart Initialization Program Flow- 
Chart 
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RESET (Continued) 
Table 7. Reset Value 
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Oscillator Control Register 
Data RAM Page Register 
EEPROM Control Register 
Port Data Registers 

Port Direction Register 

Port Option Register 
Interrupt Option Register 
Data ROM Window Register 
Timer 1 Status/Control 


AR Timer Mode Control Register 
AR Timer Status/Control 1 Register 
AR Timer Status/Control 2 Register 
AR Timer Compare Register 


Miscellaneous Register 
SPI Registers 


X, Y, V, W, Register 

Accumulator 

Data RAM 

EEPROM 

A/D Result Register 

AR Timer Load Register 

AR Timer Reload/Capture Register 


Timer 1 Counter Register 
Timer 1 Prescaler Register 
Watchdog Counter Register 


A/D Control Register 


Note 1. Mask option selected 


ODCh 
OE8h 
OEAh 
OCOh to OC3h 
0C4h to OC6h 
OCCh to OCEh 
O0C8h 
O0C9h 
0D4h 


005h 
006h 
007h 
ODAh 


ODDh 
OEOh to OE2h 


080h to 083h 
OFFh 

084h to OBFh 
00h to O3Fh 
ODOh 

ODBh 

OD9h 


Undefined 
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fint = fosc, user must set bit3 to 1 
All Data Banks disabled 
EEPROM disabled 


I/O are Input with pull-up 
I/O are Input with pull-up 
Interrupt disabled 
Timer 1 disabled 


AR Timer stopped 


SPI output not connected to PC3 
SPI disabled 


Max count loaded 
Software Watchdog ") 
Hardware Watchdog (1) 
A/D 1n Standby 
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WAIT & STOP MODES 


The WAIT and STOP modes have been imple- 
mented in the ST62xx core in order to reduce the 
consumption of the product when the latter has no 
instruction to execute. These two modes are de- 
scribed in the following paragraphs 


WAIT Mode 


The MCU goes into the WAIT mode as soon as the 
WAIT instruction is executed. The microcontroller 
can also be considered as being in a “software 
frozen” state where the core stops processing the 
instructions of the routine, the contents of the RAM 
locations and peripheral registers are saved as 
long as the power supply voltage is higher than the 
RAM retention voltage, but where the peripherals 
are still working. 


The WAIT mode can be used when the user wants 
to reduce the consumption of the MCU when it is 
idle, while not losing count of time or monitoring of 
external events. The oscillator is not stopped in 
order to provide a clock signal to the peripherals. 
The Timer 1 and auto-reload Timer counting may 
be enabled as well as both Timer interrupts before 
entering the WAIT mode; this allows the WAIT 
mode to be left when timer interrupt occurs. The 
above explanation related to the timers applies also 
to the A/D converter and the SPI. 


If the exit from the WAIT mode is performed with a 
general RESET (either from the activation of the 
external pin or by watchdog reset) the MCU enters 
a normal reset procedure as described in the RE- 
SET chapter. If an interrupt is generated during 
WAIT mode the MCU behavior depends on the 
state of the ST62xx core before the initialization of 
the WAIT sequence, but also of the kind of the 
interrupt request that is generated. This case is 
described in the following paragraphs. In any case, 
the ST62xx core does not generate any delay after 
the occurrence of the interrupt because the oscillator 
clock is still available. 
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STOP Mode 


lf the Watchdog is disabled the STOP mode is 
available. When in STOP mode the MCU is placed 
in the lowest power consumption mode. In this 
operating mode the microcontroller can be consid- 
ered as being “frozen”, no instruction is executed, 
the oscillator is stopped, the contents of the RAM 
locations and peripheral registers are saved as 
long as the power supply voltage is higher than the 
RAM retention voltage, and the ST62xx core waits 
for the occurrence of an external interrupt request 
or Reset activation to output from the STOP state. 


If the exit from the STOP mode is performed with 
a general RESET (by the activation of the external 
pin) the MCU will enter a normal reset procedure 
as described in the RESET chapter. The case of an 
interrupt depends on the state of the ST62xx core 
before the initialization of the STOP sequence and 
also of the kind of the interrupt request that is 
generated. 


This case will be described in the following para- 
graphs. In any case, the ST62xx core generates a 
delay after the occurrence of the interrupt request in 
order to wait the complete stabilization of the oscilla- 
tor before the execution of the first instruction. 


Exit from WAIT and STOP Modes 


The following paragraphs describe the output pro- 
cedure of the ST62xx core from WAIT and STOP 
modes when an interrupt occurs (not a RESET). It 
must be noted that the restart sequence depends 
on the original state of the MCU (normal, interrupt 
or non-maskable interrupt mode) before the start 
of the WAIT or STOP sequence, but also of the type 
of the interrupt request that is generated. 


Normal Mode. If the ST62xx core was in the main 
routine when the WAIT or STOP instruction has 
been executed, the ST62xx core outputs from the 
stop or wait mode as soon as any interrupt occurs; 
the related interrupt routine is executed and at the 
end of the interrupt service routine the instruction 
that follows the STOP or the WAIT instruction is 
executed if no other interrupts are pending. 
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WAIT & STOP MODES (Continued) 


Not Maskable Interrupt Mode. If the STOP or 
WAIT instruction has been executed during the 
execution of the non-maskable interrupt routine, 
the ST62xx core outputs from the stop or wait mode 
as soon as any interrupt occurs: the instruction that 
follows the STOP or the WAIT instruction is exe- 
cuted and the ST62xx core is still in the non-mask- 
able interrupt mode even if another interrupt has 
been generated. 


Normal Interrupt Mode. If the ST62xx core was in 
the interrupt mode before the initialization of the 
STOP or WAIT sequence, it outputs from the stop 
or wait mode as soon as any interrupt occurs. 
Nevertheless, two cases have to be considered: 


— If the interrupt is a normal interrupt, the interrupt 
routine in which the wait or stop was entered will 
be completed with the execution of the instruction 
that follows the STOP or the WAIT and the ST6xx 
core is still in the interrupt mode. At the end of 
this routine pending interrupts will be serviced in 
accordance to their priority. 


— If the interrupt is a non-maskable interrupt, the 
non-maskable routine is processed at first. Then 
the routine in which the wait or stop was entered 
will be completed with the execution of the in- 
struction that follows the STOP or the WAIT and 
the ST6xx core remains in the normal interrupt 
mode. 


Notes: 


To reach the lowest power consumption during 
RUN or WAIT modes, the user software must take 
care of: 


— selecting 4 as ratio of the Oscillator divider. 


— configuring unused I/O as input without pull-up 
with well defined logic levels. 


— placing the A/D converter in its power down mode 
by clearing the PDS bit in the A/D control register 
before entering the STOP instruction. 


— putting the EEPROM on-chip memory in stand- 
by mode by setting the E2OFF bit in EEPROM 
Control Register to one. 


When the hardware activated watchdog is selected 
or the software watchdog enabled, the STOP in- 
struction is deactivated and any attempt to execute 
the STOP instruction will cause an execution of a 
WAIT instruction. 


lf all the interrupt sources are disabled (including 
NMI if GEN is low), the restart of the MCU can only 
be done by a Reset activation. The WAIT and 
STOP instructions are not executed if an enabled 
interrupt request is pending. 


ITI SGS-THOMSON 


ST6260/65 


ON-CHIP CLOCK OSCILLATOR 


The ST6260/65 on-chip oscillator has been de- 
signed to require a minimum of external compo- 
nents and to reduce the oscillator power 
consumption. 


A quartz crystal, a ceramic resonator or an external 
signal (provided to the OSCin pin) may be used to 
generate a system clock with various stability/cost 
tradeoffs. The clock generator options connection 
methods are shown in Figure 21. 


A programmable divider is provided in order to 
adjust the internal clock of the micro (core and 
peripherals) to the best power consumption/per- 
formance trade-off. The Division Ratio is selected 
through the Oscillator Control Register located at 
address ODCh. 


The internal frequency is directly used to clock the 
A/D Converter and the AR Timer. Itis further divided 
by 12 to produce the Timer 1 and Watchdog clock 
and by 13 for the core and SPI clock. 


With a 8MHz external frequency, the fastest ma- 
chine cycle is therefore 1.625us. 


The machine cycle is the smallest unit needed to 
execute any operation (i.e.increment the program 
counter). An instruction may need two, four, or five 
machine cycles to be executed. 


Figure 20. Crystal Parameters 


Re Ci. as 
OSCin OSCout 
Co 

VAQ0101 


Crystal Parameters’ AT-cut Parallel Resonance Crystal 
CO = Parallel Resonance Capacitance 


Figure 19. Internal Clock Circuits 


OSCILLATOR | fint 


DIVIDER 


ARTimer 


Not ADC 


divided 


VROO1882 
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ON-CHIP CLOCK OSCILLATOR (Continued) 


Oscillator Control Register 


Figure 21. Oscillator Control Registers 


OSCR 


Oscillator Control Register 
( DCh, Read/ Write ) 


Ppl 


Division Ratio Selection RSO 
Division Ratio Selection RS1 


Reserved 
Unused 


Figure 22. Oscillator Connection 


CRYSTAL CLOCK 


ST6XXX 


OSCin OSCout 


ei, 


CL1 = CL2 = 12 to 22pF for a 4/8MHz crystal 


VA00016 


D7-D4. These bits are not used. 


D3. Reserved - Cleared at Reset. THIS BIT MUST 
BE SET TO 1 BY USER PROGRAM to achieve 
lowest power consumption. 


D2. Reserved must be kept low. 


RS1-RSO. These bits select the division ratio of the 
Oscillator Divider in order to generate the internal 
frequency. The following selections are available: 


EXTERNAL CLOCK 


ST6 XXX 


OSCin OSCout 


OSCin OSCout 
vA00015 
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INPUT/OUTPUT PORTS 


The ST6260 and ST6265 microcontroller have re- 
spectively 13 and 21 Input/Output lines that can be 
individually programmed either in the input mode 
or the output mode with the following software 
selectable options: 


— Input without pull-up and without interrupt 

— Input with pull-up and with interrupt 

— Input with pull-up without interrupt 

— Analog inputs (PAO-PA7, PCO-PC3) 

— Timer 1 I/O line (PC1, not available on ST6260) 
— AR Timer I/O lines (PB6, PB7) 

— SPI control signals (PC2-PC4) 

— Push-pull output 

— Standard Open drain output 

— 20mA Open drain output PB lines. 


The lines are organized in three Ports (Port A, B 
and C). 


Each port occupies 3 registers in the data space. 
Each bit of these registers is associated with a 
particular line (for instance, the bits 0 of the Port A 
Data, Direction and Option registers are associated 
with the PAO line of Port A). 


Figure 23. I/O Port Block Diagram 


SHIFT 
REGISTER 
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The three DATA registers (DRA, DRB, DRC), are 
used to read the voltage level values of the lines 
programmed in the input mode, or to write the logic 
value of the signal to be output on the lines config- 
ured in the output mode. The port data registers 
can be read to get the effective logic levels of the 
pins, but they can be also written by the user 
software, in conjunction with the related option 
registers, to select the different input mode options. 


Single-bit operations on I/O registers are possible 
but care is necessary because reading in input 
mode is done from I/O pins while writing will directly 
affect the Port data register causing an undesired 
change of the input configuration. 


The three Data Direction registers (DDRA, DDRB 
and DDRC) allow the selection of the data direction 
of each pin (input or output). 


The three Option registers (ORPA, ORPB and 
ORPC) are used to select the different port options 
available both in input and in output mode. 


All the I/O registers can be read or written as any 
other RAM location of the data space, so no extra 
RAM cell is needed for port data storing and ma- 
nipulation. During the initialization of the MCU, all 
the I/O registers are cleared and the input mode 
with pull-up/no-interrupt is selected on all the pins, 
thus avoiding pin conflicts. 


C-]) INPUT/OUTPUT 


VA000413 
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INPUT/OUTPUT PORTS (Continued) 


/O Pin Programming 


Each pin can be individually programmed as input 
or output with different input and output configura- 
tions. 


This is achieved by writing the relevant bit in the 
data (DR), data direction register (DDR) and option 
registers (OR). Table 7 shows all the port configu- 
rations that can be selected by user software. 


Input Option Description 


Pull-up, High Impedance Option. All the input 
lines can be individually programmed with or with- 
out an internal pull-up according to the codes pro- 
grammed in the OR and DR registers . If the pull-up 
option is not selected, the input pin is in the high- 
impedance state. 


Interrupt Option. All the input lines can be individu- 
ally connected by software to the interrupt lines of 
the ST62xx core according to the codes pro- 
grammed in the OR and DR registers. The pins of 
Port A and B are “ORed” and are connected to the 
interrupt associated to the vector #1. Pins of ports 
C are “ORed’” with the SPI interrupt line and con- 
nected to interrupt vector #2. The interrupt modes 
(falling edge sensitive, rising edge sensitive) can 
be selected by software for each port by program- 
ming the IOR register. 


Analog Input Option. The seven PA5-PA7, PBO- 
PB3 pins can be configured to be analog inputs 
according to the codes programmed in the OR and 
DR registers. These analog inputs are connected 
to the on-chip 8-bit Analog to Digital Converter. 
ONLY ONE pin should be programmed as analog 
input at a time, otherwise the selected inputs will 
be shorted. 


I/O Port Options Selection 


Figure 24. I/O Port Data Registers 


ORPA/PB/PC 
Port A, B, C Option Register 
(CChPA, CDhPB, CEnPC, Read! Write ) 


Pal la[alel™ 


PA7 - PAO Option Bits 
PB7 - PBO Option Bits 
PC7 - PCO Option Bits 


Figure 25. I/O Port Data Direction Registers 


DDRPA/PB/PC 


Port A, B, C Data Direction doe ar 
( C4h PA, C5h PB, C6hPC Read/ Write ) 


lala [alalele 


PA7 - PAOQ=Data Direction Bits 
PB7 - PBO=Data Direction Bits 
PC7 - PCO0=Data Direction Bits 


Figure 26. I/O Port Option Registers 


DRPA/PB/PC 


Port A, B ,C Data Registers 
(CCh PA, Cih PB, C2hPC, Read/Write) 


BES REEIE 


PA7-PAO = Data Bits 
PB7-PBO0 = Data Bits 
PC7-PCO = Data Bits 


Note: For complete coding explanation refer to Table 7 


| por | oR | DR 

Foo | 0 {oo | Input With pull-up, no interrupt (Reset state) 
po | ot | Input] No pulhup, no interrupt 
po | tf oF input] With puttup, with interrupt 
, , No pull-up, no interrupt (Port B pins) 

Analog input (Ports A and C pins) 

ee ee eae 


Output | Open-drain output (20mA sink current for Port B pins) 


| Output | Push-pull output (20mA sink current for Port B pins) 


Notes: X Means don’t care. 


30/84 K57_ SGS:THOMSON 


= MICROELECTROMICS 
36 


INPUT/OUTPUT PORTS (Continued) 


Timer 1 Alternate function Option. 


When bit TOUT of register TSCR1 is low, pin 
PC1/Timer 1 is configured through the port regis- 
ters as any standard pin of Port B. It is in addition 
connected to the Timer 1 input for Gated and Event 
counter modes. When bit TOUT of register TSCR1 
is high, pin PC1/Timer 1 is forced as Timer 1 output. 
The port registers configuration is meaningless. 


AR Timer Alternate function Option 


When bit PWMOE of register ARMC is low, pin 
ARTIMout/PB7 is configured as any standard pin 
of port B through the port registers. When PWMOE 
is high, ART!Mout/PB7 is the PWM output. The port 
registers configuration is meaningless. 


ARTIMin/PB6 is connected to the AR Timer input. It 
is configured through the port registers as any stand- 
ard pin of port B. To use ARTIMin/PB6 as AR Timer 
input, it must be configured as input through DDRB. 


PC2/PC4 are used as standard I/O as long as 
SPCLK is kept low. 


PC3/SOUT is configured as SPI push-pull output by 
setting bit O of the Miscellaneous register (address 
ODDh), regardless of the state of Port C registers. 


PC4/SCK is configured as push-pull output clock 
(master mode) by programming it as push-pull 
output through DDRC register and by setting bit 
SPCLK of the SPI Mode Register. 

PC4/SCK is configured as input clock (slave mode) 
by programming it as input through DDRC register 
and by clearing bit SPCLK of the SPI Mode Regis- 
ter. With this configuration, PC4 can simultane- 
ously be used as an input. 


State Transition Diagram for Safe Transitions 


Note *. xxx = DDR, OR, DR Bits respectively 
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Note. Switching the I/O ports from one state to another 
should be done in a way that no unwanted side effects 
can happen. The recommended safe transitions are 
shown below. All other transitions are risky and should 
be avoided during change of operation mode as it is 
most likely that there will be an unwanted side-effect 
such as interrupt generation or two pins shorted to- 
gether by the analog input lines. 


Single bit SET and RES instructions should be 
used very carefully with Port A and B data registers 
because these instructions make an implicit read 
and write back of the whole addressed register 
byte. In port input mode however data register 
address reads from input pins, not from data regis- 
ter latches and data register information in input 
mode is used to set characteristics of the input pin 
(interrupt, pull-up, analog input), therefore these 
characteristics may be unintentionally repro- 
grammed depending on the state of input pins. As 
general rule is better to use SET and RES instruc- 
tions on data register only when the whole port is 
in output mode. If input or mixed configuration is 
needed it is recommended to keep a copy of the 
data register in RAM. On this copy it is possible to 
use single bit instructions, then the copy register 
could be written into the port data register. 


SET bit, datacopy 
LD a, datacopy 
LD DRA, a 


The WAIT and STOP instructions allow the ST62xx 
to be used in situations where low power consump- 
tion is needed. The lowest power consumption is 
achieved by configuring !/Os in input mode with 
well-defined logic levels. 


The user has to take care not to switch outputs with 
heavy loads during the conversion of one of the 
analog inputs in order to avoid any disturbance in 
the measurement. 


Push-pull 
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INPUT/OUTPUT PORTS (Continued) 


Figure 27. Peripheral Interface Configuration of SPI, Timer 1 and AR Timer 


PC3/Sout LI 


bO 
MISC, 
REGISTER 


CLOCK IN 


CLOCK OUT 
Pc4/sck 


SPCLK 
MOD REGISTER 


TIMER 1 


OUT 
pc1/tim1 C1 


ARTIMin 


ARTIMin LL 
AR TIMER 
PWMOE 
ARTIMout 
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TIMERS 


The ST6260/65 offer two on-chip Timer peripherals 
named Timer 1 and Auto-reload Timer. Timer 1 
consists of an 8-bit counter with a 7-bit program- 
mable prescaler, thus giving a maximum count of 
2'°, and control logic that allows configuring the 
peripheral in three operating modes. The Auto-reload 
Timer is an 8-bit Timer with Auto-reload, Input 
Capture and Output Compare capabilities. 4 
modes are available for PWM, PLL, time medsure- 
ment and period measurement. 


Timer 1 


Figure 28 shows the Timer 1 block diagram. An 
external Timer pin is available for the user (ST6265 
only). The content of the 8-bit counter can be 
read/written in the Timer/Counter register TCR 
which is addressed in the data space as a RAM 
location at addresses D3h. The state of the 7-bit 
prescaler is read in the PSC register at addresses 
D2h. The control logic device is managed in the 
TSCR1 register (addresses D4h) as described in 
the following paragraphs. 


The 8-bit counter is decremented by the output 
(rising edge) coming from the 7-bit prescaler and 
can be loaded and read under program control. 


Figure 28. Timer 1 Peripheral Block Diagram 


TIMER [_] 
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When it decrements to zero then the TMZ (Timer 
Zero) bit in the TSCR1 is set to one. If the ETI 
(Enable Timer Interrupt) bit in the TSCR1 is also 
set to one an interrupt request, associated to inter- 
rupt vector #4, is generated. The interrupt service 
routine then should poll bit TMZ in TSCR1 to deter- 
mine if the interrupt has been generated by Timer 1 
or by the A/D Converter. The Timer 1 interrupt 
can be used to exit the MCU from the WAIT mode. 


The Timer 1 Prescaler input can be the internal 
Clock (after Oscillator Divider) divided by 12 or an 
external clock at the Timer 1/O pin. The prescaler 
decrements on the rising edge. Depending on the 
division factor programmed by PS2, PS1 and PSO 
bits in TSCR1, the clock input of the timer/counter 
register is multiplexed to different sources. On di- 
vision factor 1, the clock input of the prescaler is 
also that of timer/counter; on factor 2, bit 0 of 
prescaler register is connected to the clock input of 
TCR1. This bit changes its state with the half 
frequency of prescaler clock input. On factor 4, bit 
1 of PSC1 is connected to clock input of TCR1, and 
so on. The prescaler initialize bit PSI in the TSCR1 
register must be set to one to allow the prescaler (and 
hence the counter) to start. If itis cleared to zero then 


DATA BUS 8 


STATUS/CONTROL 
REGISTER 


aa 
= 
aoe 
fel: INTERRUPT LINE 


VAQ0009 
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TIMERS (Continued) 


all of the prescaler bits are set to one and the 
counter is inhibited from counting. The prescaler 
can be given any value between 0 and 7Fh by 
writing to addresses D2h, if bit PSI in the TSCR1 
register is set to one. The tap of the prescaler is 
selected using the PS2,PS1,PS0 bits in the control 
register. Figure 29 shows the Timer 1 working 
principle. 

Timer 1 can be configured in 3 modes using the 
TOUT and DOUT bits of the TSCR1 register. These 
modes are Event counter, Gated or Output signal. 


The internal Timer I/O can in addition be connected 

to either the PC1/TIM1 pin or the DRC1 bit depend- 

ing on the configuration of bit DDRC1. Table 8 

summarize the modes of Timer 1. 

— Event counter: The Prescaler is decremented at 
each rising edge of the Timer I/O. The Timer I/O 
is either the PC1/TIM1 pin or the DRC1 bit of the 
DRC register depending on DDRC1. 


— Gated: The Timer 1 is decremented by the Timer 
clock (fint divided by 12) when the internal Timer 
/O is held high. The Timer I/O is either pin 
PC1/TIM1 or the DRC1 bit of register DDRC1. 

Output signal: The PC1/TIM1 pin is connected to 

the DOUT latch and is configured as output regard- 

less of DOUT and DDRC1 bits. The low to high 
transition of bit TMZ (when counter reaches OOh) is 
used to latch the data previously stored in DOUT 

and pass it to the PC1/TIM1 through the Timer I/O. 

This operating mode allows signal generation. 


Timer 1 Interrupt 


When the counter register decrements to zero and 
the software controlled ETI (Enable Timer Inter- 
rupt) bit is set to one then an interrupt request 


Figure 29. Timer1 Working Principle 
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associated to interrupt vector #4 is generated. 
When the counter decrements to zero also the TMZ 
bit in the TSCR register is set to one. 


Since only one interrupt vector is available for both 
Timer 1 and the A/D Converter, the interrupt service 
routine should determine from which source the 
interrupt came by polling the TMZ bit and the EOC 
bit of the A/D Converter Control Register. 


Notes: 


TMZ is set when the counter reaches 00h; however, 
it may be set by writing 00h in the TCR? register or 
setting bit 7 of the TSCR1 register. TMZ bit must be 
cleared by user software when servicing the Timer 1 
interrupt to avoid undesired interrupts when leaving 
the interrupt service routine. After reset, the 8-bit 
counter register is loaded to FFh while the 7-bit 
prescaler is loaded to 7Fh , and the TSCR1 register 
is cleared which means that Timer 1 is stopped and 
the Timer 1 interrupt is disabled. 


If the Timer 1 is programmed in output mode, 
DOUT bit is transferred to the TIM1 pin when TMZ 
is set to one (by software or due to counter decre- 
ment). When TMZ is high, the latch is transparent 
and DOUT is copied to the timer pin. When TMZ 
goes low, DOUT is latched. 


A write to the TCR1 register will predominate over 
the 8-bit counter decrement to OOh function, i.e. if 
awrite anda TCR1 register decrement to 00h occur 
simultaneously, the write will take precedence, and 
the TMZ bit is not set until the 8-bit counter reaches 
00h again. The values of the TCR1 and the PSC1 
registers can be read accurately at any time. 


VA00186 
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TIMERS (Continued) 


Figure 30. Timer Status Control Register 


TSCR1 


Timer Status Control Register 
(D4h T1, Read/ Write 


Pll 


PSO = Prescaler Mux Select 
PS1 = Prescaler Mux Select 
PS2 = Prescaler Mux Select 
PSI = Prescaler Initialize Bit 
DOUT = Data Output 

TOUT = Timers Output Control 
ETI = Enable Timer Interrupt 
TMZ = Timer Zero Bit 


TMZ. Low-to-high transition indicates that the timer 
count register has decremented to zero. This bit 
must be cleared by user software before starting 
with a new count. 


ETI. This bit, when set, enables the timer interrupt 
request (vector #4). If ET!I=“O0” the timer interrupt is 
disabled. If ETl=“1" and TMZ=“1” an interrupt re- 
quest is generated. 


TOUT. When low, this bit selects an input mode for 
the Timer I/O pin. When high the output mode is 
selected. 

DOUT. If Timer 1 is in Output mode, DOUT is the 
data sent to the PC1/TIM1 pin when TMZ goes 
high. DOUT enables discrimination between Event 
Counter and Gated modes if TOUT is low. 

PSI. Used to initialize the prescaler and inhibit its 
counting. When PSl=“0” the prescaler is set to 7Fh 
and the counter is inhibited. When PSl=“1” the pres- 
caler is enabled to count downwards. As long as 
PSl=“0” both counter and prescaler are not running. 
PS2, PS1, PSO. These bits select the division ratio 
of the prescaler register. 


Table 8. Prescaler Division Factors 


PS2|PS' P80] Divided by |PS2|PS1| PSO Divided by 
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Figure 31. Timer Counter Register 


TCR1 


Timer Counter Register 
D3h T1, Read/ Write 


PPP =lpl= 
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Figure 32. Prescaler Register 


PSC1 


Timer Prescaler Register 
D2h T1 Read/ Write 


[oof 


[5.00 = Presale Bis 


Always read as “0” 


Table 9. Modes of Timer 1 


Trour]eour[poRci| —wode | Tmerv0_ 


Event PC1/TIM1 
Counter 
Event 
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TIMERS (Continued) 


Auto-reload Timer 


The Auto-reload Timer (AR Timer) on-chip periph- 
eral consists of an 8-bit timer/counter (AR 
COUNTER) with compare and capture/reload ca- 
pabilities and a 7-bit prescaler with a clock multi- 
plexer enabling the clock input to be selected as 
fint, fint/3 or external clock. One Mode Control 
Register (AR MODE), two Status Registers 
(ARSCO, ARSC1), an output pin (ARTIMout/PB7) 
and an input pin (ARTIMin/PB6) allow the Auto-reload 
Timer to be used in 4 modes: 


— Auto-reload (PWM generation), 

— Output compare and reload on external event 
(PLL), 

— Input capture and output compare for time meas- 
urement. 


— Input capture and output compare for period 
measurement. 


The AR Timer can be used to wake the MCU from 
WAIT mode with either an internal or an external 
clock. It also can be used to wake the MCU from 
STOP mode if used with an external clock provided 
at pin ARTIMin. ALoad register allows the program 
to read and write the counter on the fly. 


AR Timer Description 


The AR COUNTER is an 8-bit up-counter incre- 
mented on the clock input rising edge. It is loaded 
from the ReLoad/Capture Register REL/CAP (ad- 
dress DQh) for auto-reload or capture operations 
as well as for initialization. Direct access to the AR 
COUNTER '!s not possible, however by read- 
ing/writing the Load Register AR LOAD (address 
DBh) it ts possible to read/write the TC counter 
content. 


The AR Timer input clock is either the internal clock 
(from Oscillator Divider), the internal clock divided 
by 3 or the ARTIMin pin. Selection between these 
clock sources Is made through the AR Multiplexer 
by bits CCO-CC1 of Register ARSCR1. The output 
of the AR Multiplexer feeds the AR Prescaler, 
ARPSC. ARPSC is a software programmable 7-bit 
prescaler. Programming of ARPSC Is performed by 
the AR Prescaler Multiplexer AR MUX which se- 
lects one of the 8 available taps of the prescaler 
outputs under the control of PSC0,1,2 in the AR 
Mode Control Register (address D5h). So the divi- 
sion factor of PSC prescaler can be set to 2" (where 
n=O, 1,7). 


The clock input to the TC counter is enabled by bit 
TEN (Timer Enable) in the Status Control Register 1. 
When TEN is cleared to “0” the TC counter is 
stopped and the prescaler and counter contents 
are frozen. When the TEN bit is set to “1” the TC 
counter runs at the rate of the selected clock 
source. TC is cleared after system reset. 


The ARTC counter can also be initialized by writing 
into the load register ARLR, which causes also the 
immediate copy of the value into the ARTC counter 
regardless of whether ARTC is running or not. 
Initialization of ARTC, in both ways, will also clear 
the ARPSC in order to start counting from a known 
state. 


Each interrupt generated by the AR Timer operat- 
ing modes is associated to interrupt vector #3. 


Timer Operating Modes 


Four different operating modes are available for the 
AR Timer: 


Auto-reload Mode with PWM Generation. This 
mode allows a Pulse Width Modulated signal to be 
generated on the ARTIMout output pin with mini- 
mum Core processing time used. 


ARTC is a free running 8-bit counter fed by the 
ARPSC prescaler output and is incremented on 
every rising edge of the clock signal. 

When a counter overflow occurs the ARTC counter 
iS automatically reloaded with the contents of the 
Reload Register (ARRC, address D9h) while AR- 
TiMout is set. When the counter reaches the value 
contained in the compare register ARCP, ARTIMout 
Is reset. 


At overflow, an overflow interrupt request is gener- 
ated if the overflow interrupt enable bit, OVIE in the 
mode control register (ARMC, address D5h), is set 
to “1”. 

When the counter reaches the compare value a 
compare interrupt request is generated if the Com- 
pare Interrupt enable bit, CPIE, in the Mode Control 
Register (ARMC, address D5h), is set to one. The 
interrupt service routine may then adjust the PWM 
period by loading a new value into ARCP. 


The PWM signal is generated at ART|IMout (refer 
to block diagram) connected to the ARTIMout out- 
put pin. The frequency of this signal is controlled by 
the prescaler and by the auto-reload value present 
in the Reload/Capture register ARRC (address 
D9h). The duty cycle of the PWM signal is control- 
led by the Compare Register (ARCP, address 
DAh). 
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TIMERS (Continued) 


Figure 33. Auto-reload Timer Block Diagram 


AR PRESCALER 


fint/3 


ARTIMin [ | 


Note that the reload values will also affect the value 
and the resolution of the duty cycle of PWM output 
signal. To achieve a ARTIMout signal the contents 
of the ARCP register must be greater than the 
contents of the ARRC register. 


The maximum available resolution for the ARTIMout 
duty cycle is: 
Resolution = 1/[255-(ARRC)] 


Where ARRC is the content of Reload/Capture 
register and the compare value loaded in the Com- 
pare Register, ARCP, must be in the range from 
(ARRC) to 255. 


Figure 34. Auto-reload Timer PWM Function 
COUNTER 
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AR RELOAD 


OVERFLOW 
AR COUNTER : 
AR COMPARE 
The initialization of the ARTC counter is made by 
writing into the ARRC register, then by setting the 


TCLD (Timer Load) and the TEN (Timer Clock 
Enable) bits in the Mode Control register ARMC. 


The enable and the selection of clock sources are 
controlled by CCO, CC1, SLO and SL1 bits tn the 
Status Control Register ARSC1. The prescaler di- 
vision ratio is selected by PSO. PS1 and PS2 bits 
in the ARSC1 Register. 


In Auto-reload Mode any clock source can be se- 
lected: Internal Clock, Internal Clock divided by 3 
or the signal at the ARTIMin input pin. 


|_| ARTiMout 


VROO1853 


t 
VROO1852 
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TIMERS (Continued) 


Capture Mode with PWM Generation. In this 
case, ARTC is a free running 8-bit counter fed by 
the PSC prescaler output. ARTC is incremented on 
every clock rising edge. 


An 8-bit capture operation from ARTC counter to 
ARFC register is performed on every active edge 
at ARTIMin/PC Input pin when enabled by Edge 
Control bits SLO, SL1 in the ARSC1 register. At the 
same time the External Flag EF, in the SCO register, 
is set and an external interrupt request is generated 
if the External Interrupt Enable bit EIE, in the ARMC 
register, is set to one. 


Each ARTC overflow sets ART!Mout, while a match 
between ARTC and ARCP (Compare Register) 
contents resets ART|IMout and sets the compare 
flag ARCPF and the compare interrupt request is 
generated if the related compare interrupt enable 
bit CPIE is set. A PWM signal is generated at 
ARTIMout. 


The frequency of this signal is controlled by the 
prescaler. The duty cycle is controlled by register 
ARCP from 0-255/256. 


Initialization and reading of ARTC counter are 
made in the same way as in the auto-reload mode 
(see previous paragraph). 

The enable and selection of clock sources is con- 
trolled by CCO, CC1 bits in the AR Status Control 
Register ARSC1. 


The prescaler division ratio is selected by PSO, PS1 
and PS2 bits in the ARSC1 Register. 


In Capture mode the possible clock sources are the 
internal clock and the internal clock divided by 3; 
the external ARTIMin input pin should not be used. 


Capture Mode with Reset of ARTC, ARPSC and 
PWM Generation. This mode is identical to the 
previous one, with the difference that a capture 
condition also resets the ARTC counter and 
ARPSC prescaler allowing easy measurement of 
the time between two captures (for input period 
measurement on ARTIMin pin). 


Load on External Input. ARTC is a free running 
8-bit counter fed by the ARPSC prescaler. TC is 
incremented on every clock rising edge. 


Each ARTC overflow sets the ARTIMout. A match 
between ARTC and ARCP (Compare Register) 
contents resets the ARTIMout and sets the com- 
pare flag CPF and the compare interrupt request is 
generated if the related compare interrupt enable 
bit CPIE is set. A PWM signal is generated at 
ARTIMout. 


The initialization of ARTC can be done in the same 
way as described in the previous paragraph. In 
addition if the external ARTIMin input is enabled, 
an active edge on the input pin will copy the con- 
tents of the ARRC register into the ARTC counter, 
whether ARTC is running or not. 


General Notes: 


a - The allowed AR Timer clock sources are the 
following: 


AR Timer mode 


Clock Sources 
fint, fint/3, ARTIMin 


Auto-reload mode 


Capture mode 


fint, fint/3 
fint, fint3 


b - The timer clock frequency should not be modi- 
fied while ARTC is counting as the ARTC counter 
may take an unpredictable value. For example the 
multiplexer setting should not be modified while 
ARTC is counting. 


c - Any loading of ARTC (by auto-reload, through 
ARLR, ARRC or by the Core) resets ARPSC at the 
same time. 


Capture/Reset mode 


External Load mode 
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AR Timer Registers 


Mode Control Register ARMC. The AR Mode 
Control Register ARMC is used to program the 
different operation modes of AR Timer, to enable 
the clock of the Timer/Counter and to initialize it. It 
can be read and written by the Core and it is cleared 
to zero on system reset (AR Timer is disabled). 


Figure 35. AR Mode Control Register 


AR MC 


AR Mode Control Register 
(D5h, Read/ Write 


Pb ll 


ARMCO = Mode Control Bit 0 
ARMC1 = Mode Control Bit 1 
OVIE = Overfiow Interrupt Enable 
CPIE = Compare Interrupt Enable 
EIE = Extemal Interrupt Enable 
PWMOE = PWM Output Enable 
TEN = Timer Clock enable 

TCLD = Timer Load Bit 


TCLD. This bit, when set to one, will cause the 
contents of ARRC register to be loaded into the 
ARTC counter and the contents of ARPSC register 
are cleared in order to initialize the timer before 
starting to count. This bit is write only and any 
attempt to read it will show a logical zero. 


TEN. This bit, when set to one, will allow the timer 
to count. When cleared to zero it will stop the timer 
and freeze the ARPSC and ARTSC values. 


PWMOE. This bit, when set, enables the PWM 
output to be carried on ART|IMout output pin. When 
cleared to zero the PWM output is disabled. 


EIE. This bit, when set, enables the external inter- 
rupt request. If EIE = “O” the external interrupt 
request is masked. If EIE = “1” and the related flag 
EF in the ARSCO register is also set an interrupt 
request is generated. 


CPIE. This bit, when set, enables the compare 
interrupt request. If CPIE = “O” the compare inter- 
rupt request is masked. If CPIE =“1” and the related 
flag CPF into the ARSCO register is also set an 
interrupt request is generated. 


OVIE. This bit, when set, enables the overflow 
interrupt request. If OVIE = “0” the compare inter- 
rupt request is masked. If OVIE = “1” and the 
related flag OVF into the ARSCO register is also set, 
an interrupt request is generated. 
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ARMC1, ARMCO. These are the operation mode 
control bits. The following bit combination will select 
the different operating modes: 


ARMC1 | ARMCO | Operating Mode 


, Capture Mode with Reset 
of ARTC and ARPSC 

, , Load on External Edge 
Mode 


AR Timer Status/Control Registers ARSCO & 
ARSC1. These registers provide the AR Timer 
status information bits and also allows the pro- 
gramming of clock sources, active edge and pres- 
caler multiplexer programming. 


ARSCO register bits 0,1 and 2 contains the interrupt 
flags of the AR Timer. These bits can read and 
cleared by the Core. Anormal write operation is not 
possible, it is only possible to reset the bits by 
writing a zero on the selected position. Writing a 
one will not affect the bit flag bits. 


Figure 36. AR Status Control Register 0 


ARSCO 


AR Status Control Register 0 
(D6h, Read/Clear) 
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OVF Overflow Interrupt Flag 
CPF Compare Interrupt Flag 
EF External Interrupt Flag 
Unused 


EF. This bit is set to one by any active edge at the 
external ARTIMin input pin. The flag is cleared by 
writing a zero in the EF bit. 


CPF. This bit is set to one if the contents of ARTC 
counter and ARCP register are equal. The flag is 
cleared by writing a zero into ARCPF bit. 

OVF. This bit is set to one by a transition of TC 
counter from FFh to 00h. The flag is cleared by 
writing a zero into OVF bit. 
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TIMERS (Continued) 
Figure 37. AR Status Control Register 1 


ARSC1 


AR Status Control Register 1 
(D7h, Read/ Clear) 


Plplelalal>l= 


CCO = Clock Source Select Bit 0 


CC1 = Clock Source Select Bit 1 
SLO Timer input Edge Control Bit 0 
SL1 Timer input Edge Control Bit 1 
Reserved 

PSO Prescaler Division Select Bit 0 
PS1 Prescaler Division Select Bit 1 
PS2 Prescaler Division Select Bit 2 


PS2-PS0. These bits control the AR Prescaler divi- 
sion ratio. The prescaler itself is not affected by 
these bits. The AR PSC division is listed in the 
following Table 10: 


Table 10. Prescaler Division Ratio Selection 


ARPSC Division Ratio 


----coee | 
--oo--00 | 
-e-o-o-0 | 


D4. Reserved. Must be kept to 0. 


SL1-SLO. These bits control the edge function on 
AR Timer input pin for external synchronization. If 
bit SLO is cleared to zero the edge detection is 
disabled, if set to one the edge detection is en- 
abled. If bit SL1 is cleared to zero the AR Timer 
input pin is rising edge sensitive, if set to one it Is 
falling edge sensitive. 
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CC1-CCO. These bits select the clock source for 
the AR Timer through the AR Multiplexer. The 
programming of the clock sources is explained in 
the following Table 11: 


Table 11. Clock Source Selection 


Core Clock Divided by 3 


ARTIMin Input Clock 


AR Load Register ARLR. The ARLR load register 
is used to read or write “on the fly” the ARTC 
counter register, while it is counting. ARLR register 
is not affected by system reset. 


Figure 38. AR Load Register 


ARLR 


AR Load Register 1 
(DBh, Read /Write) 


reo] 
a Load Register Data Bits 


D7-DO. These are the load register data bits. 
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TIMERS (Continued) 


AR Reload/Capture Register. The ARRC re- 
load/capture register is used to hold the auto-re- 
load value that is automatically loaded into ARTC 
counter from ARRC when overflow occurs. 


Figure 39. AR Reload/Capture 


REL/CAP 


Reload/Capture Register 1 
(D9h, Read /Write) 


BEE GEoo 


Reload/Capture Data Bits 


D7-D0. These are the Reload/Capture register 
data bits. 


AR Compare Register. The CP compare register 
is used to hold the compare value to perform the 
compare function with TC counter. 


Figure 40. AR Compare Register 


ARCP 


AR Compare Register 1 
(DAh, Read /Write) 
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Compare Data Bits 


D7-D0. These are the Compare register data bits. 
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Synchronization 


The clock of the counter, the capture and reload 
operations and the reading of the reload/capture 
register are triggered by independent asynchro- 
nous sources. To prevent capture of a transient 
counter content or a reading of transient capture 
value the different sources are synchronized inter- 
nally by the AR Timer synchronization logic. The 
Clock and Trigger sources, AR Timer Input and 
internal clock are synchronized with the processor 
read/write strobes. To avoid any loss of clock or 
trigger pulses the frequency of the external signal 
should be equal to or lower than 1/4 of the internal 
clock. 
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DIGITAL WATCHDOG 


The digital Watchdog of the ST6260/65 device 
consists of a down counter that can be used to 
provide a controlled recovery from a software up- 
set. 


The Watchdog generates a system reset when the 
counter passes OOh. User software can prevent the 
reset by reloading the counter. User software 
should therefore be written in such a way that the 
counter is regularly reloaded as long as the soft- 
ware runs correctly. In the case of software upset 
(e.g. infinite loop or power supply fail), user soft- 
ware should not reload the counter so it will pass 
00h and reset the MCU. 


The Watchdog activation (hardware or software) is 
user selectable by mask option. If the hardware 
option is selected the Watchdog is automatically 
initialized after reset so that this function does not 
need to be activated by the user program. STOP 
mode is not available when hardware activation is 
selected. In case of software option the Watchdog 
activation is controlled by the user software. If the 
watchdog is not activated, the STOP mode is avail- 
able and the watchdog counter can be used as a 
timer. 


The Watchdog uses one data space register 
(DWDR location D8h). The Watchdog register is 
set to FEh on reset and immediately starts to count 
down, requiring no software start if the hardware 
option has been selected. The Watchdog time 
canbe adjusted through the value reloaded into the 
DWDR register. Only the 6 MSbits are significant. 


This gives the possibility to generate a reset ina 
time between 3072 to 196608 clock cycles in 64 
possible steps: (With a clock frequency of 8MHz 
this means from 384us to 24.576ms). The reset is 
prevented if the register is reloaded before bits 2-7 
decrement from all zeros to all ones. If the software 
option is selected and the watchdog not activated, 
the 7 MSbits of the counter can be used to perform 
timer functions. 


Note: 


Care must be taken when using the software 
Watchdog as a timer as the Watchdog bits are in 
reverse order. 


If the Watchdog is active (independent of the 
watchdog option) the STOP instruction is deacti- 
vated and a WAIT instruction is automatically exe- 
cuted instead of a STOP. Bit 1 of the Watchdog 
register (set to one at reset) can be used to gener- 
ate a software reset if cleared to zero. 
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If the software option is selected, after a reset, the 
Watchdog is in the off-state. The Watchdog can be 
activated by setting bit 0 of the DWDR register after 
bit SR has been set to one. Once bit 0 is set, it 
cannot be cleared by software. It is cleared by a 
reset. 


Figure 41. Watchdog Working Principle 
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DIGITAL WATCHDOG (Continued) 
Figure 41. Digital Watchdog Register 


DWDR 


Watchdog Register 
(D8h, Read/Write) 


07} 08] 0 |p4) 08] 02] 01 oo 
C = Watchdog Activation Bit 
SR = Software Reset Bit 
T1-T6 = Counter Bits 


C. This is the Watchdog activation bit. If hardware 
option is selected, it is forced high and the user 
cannot change it (the Watchdog is always active). 
When the software option is selected, the Watch- 
dog function is activated by setting C to 1. It can 
then be cleared only by a system reset. When C 
is kept low the counter can be used as a 7-bit timer. 


When cleared to zero it allows the use of the 
counter as a 7-bit timer. This bit is cleared on reset. 


SR. This bit is set to one during the reset and will 
generate a software reset if cleared to zero. When C = 
“0” (watchdog disabled) it is the MSB of the 7-bit timer. 


T1-T6. These are the watchdog counter bits. It 
must be noted that D7 (T1) is the LSB of the counter 
and D2 (T6) is the MSB of the counter. 


Figure 42. Digital Watchdog Block Diagram 
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Application note: 


The watchdog has an inportant role in the high noise 
immunity of the ST62 devices. It should therefore be 
used unless the STOP mode is required. When the 
watchdog is used, the hardware activation should 
be prefered as it provides maximum security, espe- 
Cially during power on. With all modes, a minimum 
of 28 instructions are executed after activation be- 
fore the watchdog can generate a reset. Conse- 
quently, user software must reload the watchdog 
counter within the first 27 instructions following 
watchdog activation (software mode) or the first 27 
instructions executed after a reset (hardware acti- 
vation). 


Software activation should be used only when the 
STOP mode is required or the watchdog counter 
must be used as timer. To ensure the watchdog has 
not been unexpectantly turned on, the following 
instructions should be executed within the first 27 
instructions. 


jrr 0, WD, #+3 
ldi WD, OFDH 


These instructions test the C bit and reset it (i.e. 
deactivate the watchdog) if relevant (i.e. if the 
watchdog is active) by performing a software reset. 


OSCILLATOR 
CLOCK 


VA00010 
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8-BIT A/D CONVERTER 


The A/D converter of ST6260/65 device is an 8-bit 
analog to digital converter with up to 7 (ST6260) 
and up to 13 (ST6265) analog inputs (as alternate 
functions of I/O lines PAO-PA7, PCO-PC3) offering 
8-bit resolution with total accuracy +2 LSB anda 
typical conversion time of 7Ous (clock frequency 
of 8MHz). 


The A/D peripheral converts the input voltage by a 
process of successive approximations using a 
clock frequency derived from the oscillator with a 
division factor of twelve. With an oscillator clock 
frequency less than 1.2MHz, the A/D converter 
accuracy is decreased. 


The selection of the pin signal that has to be 
converted is done by configuring the related 1/O line 
as analog input through the I/O ports option and 
data registers (refer to I/O ports description for 
additional information). Only one |/O line must be 
configured as analog input at a time. The user must 
avoid the situation in which more than one I/O pin 
is selected to be analog input to avoid malfunction 
of the ST62xx. 


The ADC uses two registers in the data space: the 
ADC data conversion register which stores the 
conversion result and the ADC control register used 
to program the ADC functions. 


Aconversion is started by writing a “1” to the Start 
bit (STA) in the ADC control register. This automat- 
ically clears (resets to “O”) the End Of Conversion 
Bit (EOC). When a conversion has been finished 
this EOC bit is automatically set to “1” in order to 
flag that conversion is complete and that the data 
in the ADC data conversion register is valid. Each 
conversion has to be separately initiated by writing 
to the STA bit. 


The STA bit is continually being scanned so that if 
the user sets it to “1” while a previous conversion 
is in progress then a new conversion is started 
before the previous one has been completed. The 
start bit (STA) is a write only bit, any attempt to read 
it will show a logical “O”. 


The A/D converter has a maskable interrupt asso- 
ciated to the end of conversion. This interrupt is 
associated to the interrupt vector #4 and occurs 
when the EOC bit is set, i.e. when a conversion is 
completed. The interrupt is masked using the EAI 
(interrupt mask) bit in the control register. 


The power consumption of the device can be re- 
duced by turning off the ADC peripheral. That is 
achieved when the PDS bit in the ADC control 
register is cleared to “0”. If PDS=“1”, the A/D is 
supplied and enabled for conversion. This bit must 
be set at least one instruction before the beginning 
of the conversion to allow the stabilization of the 
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Figure 43. A/D Converter Block Diagram 
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A/D converter. This action is needed also before 
entering the STOP instruction as the A/D compara- 
tor is not automatically disabled by the STOP mode 


During reset any conversion in progress is stopped, 
the control register is reset to all zeros and the A/D 
interrupt is masked (EAI=0). 


Notes: 


The ST62xx A/D converter does not feature a 
sample and hold. The analog voltage to be meas- 
ured should therefore be stable during the conver- 
sion time. Variation should not exceed +1/2 LSB for 
the best accuracy in measurement. 


Since the ADC is on the same chip as the micro- 
processor the user should not switch heavily 
loaded output signals during conversion if high 
precision is needed. This is because such switch- 
ing will affect the supply voltages which are used 
for comparisons. 


A low pass filter can be used at the analog input 
pins to reduce input voltage variation during the 
conversion. For true 8 bit conversions the imped- 
ance of the analog voltage sources should be less 
than 30kQ while the impedance of the reference 
voltage should not exceed 2kQ. 


The accuracy of the conversion depends on the 
quality of the power supply voltages (Vpp and Vss). 
The user must specially take care of applying regu- 
lated reference voltage on the Vpp and Vss pins 
(the variation of the power supply voltage must be 
inferior to 5V/ms). 


The converter can resolve the input voltage with a 
resolution of: 


Vop — Vss 
256 
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8-BIT A/D CONVERTER (Continued) 


The Input voltage (Ain) which has to be converted 
must be constant for tus before conversion and 
remain constant during the conversion. 


The resolution of the conversion can be improved 
if the power supply voltage (Vpp) of the microcon- 
troller becomes lower. 


In order to optimize the resolution of the conver- 
sion, the user can configure the microcontroller in 
the WAIT mode because this mode allows the 
minimization of the noise disturbances and the 
variations of the power supply voltages due to the 
switching of the outputs. Nevertheless, it must be 
take care of executing the WAIT instruction as soon 
as possible after the beginning of the conversion 
because the execution of the WAIT instruction may 
provide a small variation of the Vpp voltage (the 
negative effect of this variation is minimized at the 
beginning of the conversion because the latter is 
less sensitive than the end of the conversion when 
the less significant bits are determined). 


The best configuration from a accuracy point of 
view is the WAIT mode with the Timer and LCD 
driver stopped. Indeed, only the ADC peripheral 
and the oscillator are still working. The MCU has to 
be wake-up from the WAIT mode by the interrupt 
of the ADC peripheral at the end of the conversion. 
It must be noticed that the wake-up of the micro- 
controller could be done also with the interrupt of 
the TIMER, but in this case, the Timer is working 
and some noise could disturb the converter in 
terms of accuracy. 
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Figure 44. A/D Converter Control Register 


ADCR 


A/D Converter Control Register 
(Dih, Read/Write) 


a ae Not Used 


PDS = Power Down Selection 
STA = Start of Conversion 
EOC = End Of Conversion 
EAI = Enable A/D Interrupt 


EAI. If this bit is set to one the A/D interrupt (vector 
#4) is enabled, when EAI=0 the interrupt is dis- 
abled. 


EOC. Read Only,;This read only bit indicates when 
a conversion has been completed. This bit is auto- 
matically reset to zero when the STA bit is written. 
lf the user is using the interrupt option then this bit 
can be used as an interrupt pending bit. Data in the 
data conversion register are valid only when this bit 
is set to one. 


STA. Write Only; Writing a “1” in this bit will start a 
conversion on the selected channel and automat- 
ically reset to zero the EOC bit. If the bit is set again 
when a conversion is in progress, the present 
conversion is stopped and a new one will take 
place. This bit is write only, any attempt to read it 
will show a logical zero. 


PDS. This bit activates the A/D converter if set to 
“1”. Writing a zero into this bit will put the ADC in 
power down mode (idle mode). 


D3-D0. Not used 


Figure 45. A/D Converter Data Register 


ADR 


A/D Converter Data Register 
(DOh, Read Only) 


eel 
a D7-D0 = 8 Bit A/D Result 
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SERIAL PERIPHERAL INTERFACE SPI 


The ST6260/65 SPI is an optimized synchronous 
serial interface with programmable transmission 
modes and master/slave capabilities supporting a 
wide range of industry standard SPI specifications. 
The ST6260/65 SPI is controlled by simple user 
software to perform serial data exchange with low- 
cost external memory or serially controlled periph- 
erals for display or driving motors or relays. The 
peripheral is composed of an 8-bit data/shift regis- 
ter DSR (address EOh), by a Divide register DIV 
(address E1h) and by a mode control register MOD 
(address E2h). 


The SPI may be used as either a Master or a Slave 
Unit. The Master is defined by the synchronous 
serial clock line SCK being supplied by the MCU, 
while the Slave mode accepts external data with 
the SCK clock externally supplied. For the Master 
mode of the SPI, SCK is internally generated with 
a frequency derived from a programmable division 
ratio of the Oscillator Clock divided by 13. Input may 
also be disabled in Master mode for data security. 


For maximum versatility the SPI be programmed to 
sample the synchronous data for transmit and re- 
ceive on the rising or falling edge of SCK, and with 
or without a phase shift. 


Figure 46. SPI Block Diagram 


SPI 
DIVIDER 


The Sin, Sout and SCK (SPI Data in, Data out and 
Clock signals respectively) signals are connected, 
as alternate functions, to I/O pins PC2-PC4. PC2 
is connected with the SPI Serial Data Input Sin, 
PC3 is connected with the SPI Serial Data Output 
Sout and PC4 is connected with the SPI Clock 
Input/Output SCK. 


For serial input operation PC2/Sin must be pro- 
grammed as input. For serial output operation, 
PC3/Sout alternate function is selected by pro- 
gramming Bit 0 of Miscellaneous Register (address 
DDh); writing a zero will set the pin as PC3 I/O line 
while writing a one will select the SPI Sout function- 
ality. The serial clock Input mode is selected if the 
PC4 port pin is programmed in input mode and bit 
SPCLK is cleared. The output mode is selected if 
PC4 is programmed in output mode and SPCLK is 
set to 1. 


An interrupt request can be associated to the end 
of transmission. This request is associated to inter- 
rupt vector #4 and can be masked by programming 
bit SPIE of the SPI MOD register. As the SPI 
interrupt is “ORed” with Port C interrupt source, an 
interrupt flag bit is available in the DIV register 
allowing the discrimination of the interrupt request. 


REGISTER 


DATA BUS 
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SERIAL PERIPHERAL INTERFACE SPI (Continued) 


SPI Registers 
SPI MODE (SPIMOD) Control Register 


The MOD control register defines and controls the 
transmission modes and characteristics. 


This register is read/write and all bits are cleared at 
reset. The configuration of SPSTRT = 1 and SPIN = 1 
is not allowed and must be avoided. 


Figure 47. SP! MOD Control Register 


MOD 


SPI MOD Control Register 
(E2h, Read/ Write 


Pap [>lalals 


CPHA = Clock Phase Selection 


EFILT = Enable Filters 

SPSTRT = Start Selection 

SPIN = Register Input Selection 
SPCLK = Base Clock Selection 
CPOL = Clock Polarity Selection 
SPIE = SPI Interrupt Enable 
SPRUN = SPI Activity Flag 


SPRUN. This bit is the SPI activity flag. This can be 
used in either read or write modes; it is automat- 
ically cleared by the SPI at the end of a transmis- 
sion and generates an interrupt request (providing 
that the SPIE Interrupt Enable bit is set). The Core 
can stop the running transmission at any time by 
resetting the SPRUN bit; this will also generate an 
interrupt request (providing that the SPIE Interrupt 
enable bit is set). The SPRUN bit can be used as 
the start bit, in conjunction with the SPSTRT bit, 
when an external signal is present on the Sin pin. 


SPIE. This bit is the SPI Interrupt Enable bit. If this 
bit is set to one the SPI interrupt (vector #4) is 
enabled, when SPIE = “O" the interrupt is disabled. 


CPHA. This bit selects the clock phase of the clock 
signal. If this bit is cleared to zero the normal state 
is selected; in this case Bit 7 of the data frame is 
present on Sout pin as soon as the SPI Shift 
Register is loaded. If this bit is set to one the shifted 
state’ is selected; in this case Bit 7 of data frame is 
present on Sout pin on the first falling edge of Shift 
Register clock. The polarity relation and the division 
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ratio between Shift Register and SPI base clock are 
also programmable; refer to DIV register and Tim- 
ing Diagrams for more information. 


SPCLK. This bit selects the SPI base clock source. 
It is either the core cycle clock (fint/13) (Master 
mode) or the signal provided at SCK pin by an 
external device (slave mode). If SPCLK is low and 
the SCK pin is configured as input, the slave mode 
is selected. If SPCLK is high and the SCK pin is 
configured as output, the master mode is selected. 
In this case, the phase and polarity of the clock are 
controlled by CPOL and CPHA. 


SPIN. This bit enables the transfer of the data input 
to the Shift Register in received mode. If this bit is 
cleared to zero the Shift Register input is 0. If this 
bit is set to one the Shift Register input corresponds 
to the input signal present on the Sin pin. 


SPSTRT. This bit selects the transmission start 
mode. If this bit is cleared to zero the internal start 
condition occurs as soon as the SPRUN bit is 
enabled (set to one). If this bit is set to one, the 
internal start signal is the logic “AND” between the 
SPRUN bit and the external signal present on the 
Sin pin; in this case transmission will start after the 
latest of both signals providing that the first signal 
is still present. After the transmission has been 
started, it will continue even if the Sin signal is reset. 


EFILT. This bit enables/disables the input noise 
filters on the Sin and SCK inputs. If it is cleared to 
zero the filters are disabled, if set to one the filters 
are enabled. These noise filters will eliminate any 
pulse on Sin and SCK with a pulse width smaller 
than one to two Core clock periods (depending on 
the occurrence of the signal edge with respect to 
the Core clock edge). For example, if the 
ST6260/65 runs with an 8MHz crystal, Sin and SCK 
will be delayed by 125 to 250ns. 


CPOL. This bit controls the relationship between 
the data on the Sin and Sout pins and SCK. The 
CPOL bit selects the clock edge which captures 
data and allows it to change state. It has the 
greatest impact on the first bit transmitted (the 
MSB) as it does (or does not) allow a clock transi- 
tion before the first data capture edge. 


Refer to the timing diagrams at the end of this 
section for additional details. These show the rela- 
tionship between CPOL, CPHA and SCK, and in- 
dicate the active clock edges and strobe times. 


47/84 


MICROELECTRONICS 


53 


$T6260/65 


SERIAL PERIPHERAL INTERFACE SPI (Continued) 


SPI Divide (SPIDIV) Register 


The SPIDIV register defines the SPI transmission 
rate and frame format. It also contains the interrupt 
flag bit. 

Bits CDO-CD2, DIV3-DIV6 are read/write while 
SPINT can be read and cleared only. Write access 
is not allowed if the SPRUN bit of Mode Control 
register is set to one. All bits are cleared at reset. 


Figure 48. SPI DIV Register 


DIV 


SPI DIV Register 
(E1h, Read/Write) 


[7 | s|o4]o |v} oso 


aa ace CD2 - CD0 = Base/Bit Clock 
Rate Selection 

DiV6 - DIV3 = Burst Mode Bit 

Clock Period Selection 


SPINT = Interrupt Flag 


SPINT/DIV7. This is the SPI interrupt flag bit. It is 
automatically set to one by the SPI at the end of a 
transmission and an interrupt request can be gen- 
erated in accordance with the state of the interrupt 
mask bit into the MOD control register. This bit is 
read only and has to be cleared by the user soft- 
ware at the end of the interrupt service routine. 


DIV6-DIV3. These bits define the number of shift 
register bits that are transmitted in a transmission 
frame. The available selections are listed in Table 13. 
The normal setting for is for 8 bits. 


CD2-CDO. These bits define the division ratio be- 
tween the core clock (fintdivided by 13) and clock 
supplied to the Shift Register in Master mode. 


Table 12. Base/Bit Clock Ratio Selection 


CD2-CD0 Divide Ratio (decimal) 


Divide by 1 
Divide by 2 
Divide by 4 
Divide by 8 
Divide by 16 
Divide by 32 
Divide by 64 
Divide by 256 


=—_ ss to OO OC OO OC 


0 0 
0 1 
1 0 
1 Sea 
0 0 
0 1 
ky 0 
1 1 


48/84 


Table 13. Burst Mode Bit Clock Periods 


Divide Ratio (decimal) 


Reserved (not to be used) 
Divide by 1 
Divide by 2 
Divide by 3 
Divide by 4 
Divide by 5 
Divide by 6 
Divide by 7 
Divide by 8 
Divide by 9 
Divide by 10 
Divide by 11 
Divide by 12 
Divide by 13 
Divide by 14 
Divide by 15 


DIV6-DIV3 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


-—_- | =a = Ooao0oo--_- $+ =+$+ Ood0d ao 
—-=-O0- + 0 O + += OO + + OO 
_—_o-o-'o-'OoOo+-'oO-?0+0+? 0 


SPI Data Shift (DSR) Register 


SPIDSR is the SPI data shift register. 
The Shift Register transmits and receives the Most 
Significant bit as the first bit. 


SPIDSR is read/write, however write access is not 
allowed if the SPRUN bit of Mode Control register 
is set to one. 


DSR7-DSRO. These are the SPI shift register data 
bits. 


Data is sampled into DSR on the SCK edge deter- 
mined by the CPOL and CPHA bits. The affect of 
these setting is shown in the following diagrams. 


Figure 49. SPI Data/Shift Register 


SPIDSR 


SPI Data/Shift Register 
( E0h Read/Write ) 


7] sso [os on 


Data Bits 
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SERIAL PERIPHERAL INTERFACE SPI (Continued) 


SPI Timing Diagrams 


Figure 50. CPOL = 1 Clock Polarity Inverted, CPHA = 0 Phase Selection Normal 


Sin 
Sampling 


VRO01694 


Figure 51. CPOL = 0 Clock Polarity Normal, CPHA = 0 Phase Selection Normal 


Sin 
Sampling 


VROA1694 
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SERIAL PERIPHERAL INTERFACE (Continued) 


Figure 52. CPOL = 0 Clock Polarity Normal, CPHA = 1 Phase Selection Shifted 


Sin 
Sampling 


VROB1694 


Figure 53. CPOL =1 Clock Polarity Inverted CPHA = 1 Phase Selection Shifted 


Sin 


Sampling 
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SOFTWARE DESCRIPTION 


The ST62xx software has been designed to fully 
use the hardware in the most efficient way possible 
while keeping byte usage to a minimum; in short to 
provide byte efficient programming capability. The 
ST62xx core has the ability to set or clear any 
register or RAM location bit of the Data space with 
a single instruction. Furthermore, the program may 
branch to a selected address depending on the 
status of any bit of the Data space. The carry bit is 
stored with the value of the bit when the SET or 
RES instruction is processed. 


Addressing Modes 


The ST62xx core has nine addressing modes 
which are described in the following paragraphs. 
The ST62xx core uses three different address 
spaces : Program space, Data space, and Stack 
space. Program space contains the instructions 
which are to be executed, plus the data for imme- 
diate mode instructions. Data space contains the 
Accumulator, the X,Y,V and W registers, peripheral 
and Input/Output registers, the RAM locations and 
Data ROM locations (for storage of tables and 
constants). Stack space contains six 12-bit RAM 
cells used to stack the return addresses for subrou- 
tines and interrupts. 


Immediate. In the immediate addressing mode, 
the operand of the instruction follows the opcode 
location. As the operand is a ROM byte, the imme- 
diate addressing mode is used to access constants 
which do not change during program execution 
(e.g., a constant used to initialize a loop counter). 


Direct. In the direct addressing mode, the address 
of the byte that is processed by the instruction is 
stored in the location that follows the opcode. Direct 
addressing allows the user to directly address the 
256 bytes in Data Space memory with a single 
two-byte instruction. 


Short Direct. The core can address the four RAM 
registers X,Y,V,W (locations 80h, 81h, 82h, 83h) in 
the short-direct addressing mode . In this case, the 
instruction is only one byte and the selection of the 
location to be processed is contained in the op- 
code. Short direct addressing is a subset of the 
direct addressing mode. (Note that 80h and 81h 
are also indirect registers). 


Extended. In the extended addressing mode, the 
12-bit address needed to define the instruction is 
obtained by concatenating the four less significant 
bits of the opcode with the byte following the op- 
code. The instructions (JP, CALL) that use the 
extended addressing mode are able to branch to 
any address of the 4K bytes Program space. 


An extended addressing mode instruction is two- 
byte long. 
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Program Counter Relative. The relative address- 
ing mode is only used in conditional branch instruc- 
tions. The instruction is used to perform a test and, 
if the condition is true, a branch with a span of -15 
to +16 locations around the address of the relative 
instruction. If the condition is not true, the instruc- 
tion that follows the relative instruction is executed. 
The relative addressing mode instruction is one- 
byte long. The opcode is obtained in adding the 
three most significant bits that characterize the kind 
of the test, one bit that determines whether the 
branch is a forward (when it is 0) or backward (when 
itis 1) branch and the four less significant bits that 
give the span of the branch (Oh to Fh) that must be 
added or subtracted to the address of the relative 
instruction to obtain the address of the branch. 


Bit Direct. In the bit direct addressing mode, the 
bit to be set or cleared is part of the opcode, and 
the byte following the opcode points to the address 
of the byte in which the specified bit must be set or 
cleared. Thus, any bit in the 256 locations of Data 
space memory can be set or cleared. 


Bit Test & Branch. The bit test and branch ad- 
dressing mode is a combination of direct address- 
ing and relative addressing. The bit test and branch 
instruction is three-byte long. The bit identification 
and the tested condition are included in the opcode 
byte. The address of the byte to be tested follows 
immediately the opcode in the Program space. The 
third byte is the jump displacement, which is in the 
range of -126 to +129. This displacement can be 
determined using a label, which is converted by the 
assembler. 


Indirect. In the indirect addressing mode, the byte 
processed by the register-indirect instruction is at 
the address pointed by the content of one of the 
indirect registers, X or Y (80h,81h). The indirect 
register is selected by the bit 4 of the opcode. A 
register indirect instruction is one byte long. 


Inherent. In the inherent addressing mode, all the 
information necessary to execute the instruction is 
contained in the opcode. These instructions are 
one byte long. 
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SOFTWARE DESCRIPTION (Continued) 
Instruction Set 


The ST62xx core has a set of 40 basic instruc- 
tions. When these instructions are combined with 
nine addressing modes, 244 usable opcodes can 
be obtained. They can be divided into six different 
types:load/store, arithmetic/logic, conditional 
branch, control instructions, jump/call, bit manipu- 
lation. The following paragraphs describe the dif- 
ferent types. 


All the instructions within a given type are pre- 
sented in individual tables. 


Table 14. Load & Store Instructions 


Load & Store. These instructions use one,two or 
three bytes in relation with the addressing mode. 
One operand is the Accumulator for LOAD and the 
other operand is obtained from data memory using 
one of the addressing modes. 


For Load Immediate one operand can be any of the 
256 data space bytes while the other is always 
immediate data. 


Cc 


Short Direct 
Short Direct 
Short Direct 
Short Direct 
Short Direct 
Short Direct 
Short Direct 
Short Direct 
Direct 
Direct 
Indirect 
Indirect 
Indirect 
Indirect 


Immediate 
immediate 


LDI A, #N 
LDI rr, #N 


Notes: 

X,Y Indirect Register Pointers, V & W Short Direct Registers 
#. Immediate data (stored in ROM memory) 

rr. Data space register 

A. Affected 

* Not Affected 


FP A HHA HRP HRB HPA HA 
>PpPRPBoOBRPRPRPRPRP RP RP RP BP BE 


1 
1 
1 
1 
4 
, 
1 
1 
2 
2 
1 
1 
1 
1 
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SOFTWARE DESCRIPTION (Continued) 


Arithmetic and Logic. These instructions are 
used to perform the arithmetic calculations and 
logic operations. In AND, ADD, CP, SUB instruc- 
tions one operand is always the accumulator while 
the other can be either a data space memory 


Table 15. Arithmetic & Logic Instructions 


ADD A, (X) Indirect 
ADD A, (Y) Indirect 
ADD A, rr Direct 
AND A, (X) Indirect 
AND A, (Y) Indirect 


AND A, rr Direct 
CLRA Short Direct 
CLRr Direct 


Indirect 


Indirect 


Direct 
Short Direct 
Short Direct 
Short Direct 
Short Direct 
Direct 
Direct 
Indirect 
Indirect 
Short Direct 
Short Direct 
Short Direct 
Short Direct 
Direct 
Direct 
Indirect 
Indirect 
SLAA Inherent 
SUB A, (X) Indirect 
SUB A, (Y) Indirect 


SUB A, rr Direct 
SUBIA,#N 


Notes: 

X,Y Indirect Register Pointers, V & W Short Direct Registers 
#. Immediate data (stored in ROM memory) 

rr. Data space register 


ky SGS-THOMSON 
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content or an immediate value in relation with the 
addressing mode. In CLR, DEC, INC instructions 
the operand can be any of the 256 data space 
addresses. In COM, RLC, SLA the operand is 
always the accumulator. 


Cycles 


fea 


a 
ee a ad 


A. Affected 
* Not Affected 
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SOFTWARE DESCRIPTION (Continued) 


Conditional Branch. The branch instructions 
achieve a branch in the program when the selected 
condition is met. 


Bit Manipulation Instructions. These instruc- 
tions can handle any bit in data space memory. One 
group either sets or clears. The other group (see 
Conditional Branch) performs the bit test branch 
operations. 


Table 16. Conditional Branch Instructions 


JRC e 
JRNC e 


JRZ e 
JRNZ e 
JRR b, rr, ee 
JRS b, rr, ee 


Notes: 

b 3-bit address 

e 5 bit signed displacement in the range -15 to +16 
ee 8 bit signed displacement in the range -126 to +129 


Table 17. Bit Manipulation Instructions 


SET b,rr Bit Direct 
RES b,rr Bit Direct 


Notes: 
b 3-bit address, 
rr Data space register, 


Table 18. Control Instructions 


Inherent 
Inherent 
Inherent 
Inherent 
Inherent 


Notes: 


2 4 
2 4 


Not Affected 


[instruction iscaabietels Nahetas | pyres | cycles |, Flags __ 
2 


Control Instructions. The control instructions 
control the MCU operations during program execu- 
tion. 


Jump and Call. These two instructions are used to 
perform long (12-bit) jumps or subroutines call 
inside the whole program space. 


Data space register 
A Affected 
Not Affected 


eee eae Se es 


1. This instruction is deactivated and a WAIT Is automatically executed instead of a STOP if the watchdog function !s selected. 


A Affected 
* Not Affected 


Table 19. Jump & Call Instructions 


Addressing Mode Bytes 


Cycles 


instruction = 
CALL abc Extended 2 4 
JP abc Extended 2 4 
Notes: 


abc 12-bit address; 
* Not Affected 
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SOFTWARE DESCRIPTION (Continued) 


Opcode Map Summary. The following table contains an opcode map for the instructions used by ST6 


NEES EE 
0000 0111 1000 
2 JRNZ|4 CALL|2 JRNC/5 JRR 2 JRC|4 LD|2 JRNZ 
; : 
1 peri2- ext}]1 —s per 1 pre nd|1 per 
Cc;5 JRS 4 2 JRC|/4 LDI]2JRNZ/4 JP)}/2 JRNC 
b0,rr,ee e x e a,nn e abc e b0,rr e x 
per]1  sd/1 9 prc}2 imm|1_ per}2- ext]1 per 1 per} 1 sd] 1 
2 JRC|4 CP/2JRNZ/4 JP|2 JRNC RZ 
e a,(x) e abc e 
oe ind ete per 
2 JRNZ/4 2 JRNC 
e e b4,rr e xa 
1 per 1 perj2 bd sd] 1 


4 
0100 


ye) 
NO 


rm 
a 
Ps] 
N 


4 JP JRZ|4 LDI 
abc e b0,rr e rrnn 
2 ext 


_ 
5 SS 


8 
Lae) 
Co 
Qa 
g 
Lee) 
5 
3 


h 
5 
a8 
Zz 
(o) 
bp 
uy 
Lye) 
[ 
Ps] 
N 
h 
oO 
m 
oO 
Lye) 


Nh 
oO 
Q 


+ 
(72) 
PO 
a 
rs 
oO 
(e) 
= 
Nh 


oo 
BR 
2a 
am 
@ 
rN) 


&/] 1% 
mS 
Q. 
NM} — 
5 
SE 
-) — 
cis 
o| 5 
ny] — 


o aq 
Ps) 
N 
= rs 
» 
x< 
es 
& 0 
iy) & 
» 
5 3 
° 
379 


JP 
abc 
per 2 ext 1 per} 1 
5 JRR{2 JRZ 2 JRC|4 ADD 4 JP\2 JRNC|4 RES 2 
b2,rr,ee e e a,(x) abc e b2,rr 
1 perj2- ext per 1 prcj1_— ind 2 exti? perj2 bd 1 
4 CALL 5 JRS JRZ}4 INC)2 JRC}4 ADDI|)2 JRNZ}4 JP}2 JRNC)}4 SET|2 JRZ}4 DEC)2 
abc b2,rr,ee e y e a,nn e abc e b2,rr e y 
al ext per| 1 sd}1 prc}2)s imm|1 ney) per}2 bd}i1_ perti sd} 1 
2 JRC|}4 INC 4 JP|2 JRNC|4 RES|2 JRZ|2 STOP!2 
e (x) abc e b6,rr e 
1 pre/1 ind 2 ext} per bd}1 per} 1 inh 
4 4 JP JRZ|4 = LD} 2 
b 


is) 
< 
» 


1 
2 JRNZ| 4 CALL 
7 e 
0111 
1 perj2 1 


e 
e 
e 


he 
oa 
ZB Pe) 
Q N 
—_ 
9 
<= 
n rm 
a i=] 
— ro 
° Ss 
Oo 
re) O 
— no 
oF 
a?) = 
Q N 


2 
2 JRNC|4 SET}/2 
abc e b6,rr 
2  ext]/1  perj2 bd per 


2 JRNZ| 4 CALL 5 JRR|2 JRZ 
e ab b6,rr,ee e 
1 per|2 xt per 
a 
2 JRNZ| 4 CALL 
8 e a 
1000 i perl? 
NZ 
a 


iC 
be 
be 
be 


xt 1 1 sd 
2 JRC|4 \LDJ2JRNZ/4 JP/2JRNC/4 RES|2 JRZ 
pe e (x),a e abc b1,rr e cs 
xt . 1 pre{1 oindj1 = per]2-—s ext}1.—s per{2.—s bb di1_——sper 
2 JRNZ| 4 CALL 4 INC|2 JRC 2JRNZ|4 JP}2 JRNC/4 SET/2 JRZ|4 DEC/2 
hie e a Vv e e abc e b1,rr e Vv 
1 2 ext|1 per 1 per|1 sdj1 pre 1 perj2extii = per{2 
R 


oO 
a 
SIE 
& 


per 

2 JRNZ|4 CALL|2 JRNC|5 JRR 2 JRC|4 AND|2 JRNZ}4 JPi2JRNC|4 RES|2 JRZ/4 RLC/|2 
e abc b5,rr,ee e a,(x) e abc e b5,rr e a 

1 per}2-— ext} 1 prej}1 indji = perj2-—sext}1 —s per bdj1 = perj1 —s inh} 1 

2 JRNZ| 4 CALL N JRZ}4. LD}2 JRC/4 ANDI|2 JRNZ|4 JP/2 JRNC 
e e av e a,nn e abc e b5,rr e va 

1 perj2 e per} 1 sdj1 prc]2 immj1_—per}]2~—sext}1.—s per]2.)—s bd}1-— sper sd} 1 

N RZ 


#&] pO 
y 
1) 
= 
P| 
N 
rs 
i 
o 
nm 


2 JR 
1 


e 
per 
Cc 
abc e : 
xt pcr 1 pcr 
2 JRNZ| 4 CALL! 2 JRNC JRZ 2 JRC}4 SUB/2 JRNZ|4 JP!2JRNC|4 RES|2 J 2 JRC/4 SUB 
e abc e e e a,(x) e abc e b3,rr e e a,(y) 
1 perj2 ext{1 per per 1 prcej}1  indi1  perj/2- ext}? per}2 bdii per 1 per]1 ind 
2 JRNZ| 4 CALL} 2 JRNC JRZ|4 INC|2 JRC!4 SUBI}2 JRNZ|4 JP/2 JRNC/4 SET/2 JRZ|/4 DEC}2 JRC/4 SUB 
e abc e e w e a,nn e abc e b3,rr e w e arr 
1 perj2  ext}1 per per} 1 sdj1  prct2 imm|1 = per}2-exti1 = perj2 bdil perji sdi1. perj2 = dir 
2 JRNZ| 4 CALL} 2 JRNC JRZ 2 JRC!4 DEC 4 JP/2 JRNC/4 RES/2 JRZ/2 WAIT|2 JRC}/4 DEC 
e abc e e e (x) abc e b7,rr e e {y) eA 
1 perj2  extj1 per per 1 prc}1 sind 2 exti? = peri2 bdli- perji i imhji- per} ind 
2 JRNZ| 4 CALL|2 JRNC JRZ}4 LD/2 JRC 2JRNZ}4 JP|2JRNC/4 SET/2 JRZ/4 LD/2 JRC|4 DEC 
e abc e e aw e e abc e b7,rr e wa e rr 
1 per}2- ext]1 per per| 1 sdj1 pre 1 per]2ext]1 = perj2. bdl1_ per} sd|j1  perj2-—s dir 
Abbreviations for Addressing Modes Legend: 
dir Direct # Indicates Illegal Instructions Cycles 2 JRC Mnemonic 
sd Short Direct e 5 Bit Displacement Operand e 
imm Immediate b 3 Bit Address Bytes 1 per 
inh Inherent rr 1byte dataspace address Addressing Mode 
ext Extended nn 1 byte immediate data 
bd Bit Direct abc 12 bit address 
bt Bit Test ee 8 bit Displacement 
pcr Program Counter Relative 
ind Indirect 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


This product contains devices to protect the inputs 
against damage due to high static voltages, how- 
ever it is advised to take normal precaution to avoid 
application of any voltage higher than maximum 
rated voltages. 


For proper operation it is recommended that V; and 
Vo must be higher than Vss and smaller Vpp. 
Reliability is enhanced if unused inputs are con- 
nected to an appropriated logic voltage level (Vpp 
or Vss). 


Parameter 


Current Drain per Pin Excluding Vpp, Vss 


Input Voltage Vsg - 0.3 to Vop + 0.3" 
Output Voltage Vss - 0.3 to Vop + 0.3" 


Pin Injection current (positive), All I/O, Vop = 4.5V 
[wx | Prntnecton cunt regatve).AIVO,Voo=48V |S SS*dY mA 
[Woe | Tota Cunentinto Venous SSC*CSSCSCS 

[ves | Tosa Gurentoutervesiank) ———SSSCS~‘“dSC“‘“(UC*dSC 


Power Considerations. The average chip-junc- 
tion temperature, Tj, in Celsius can be obtained 
from : 


Tj= Ta + PD x RthJA 
Where :Ta = Ambient Temperature. 


RthJA = Package thermal resistance 
(junction-to ambient). 


PD = Pint + Pport. 
Pint= Ipp x Vpp (chip internal power). 


Pport = Port power dissipation 
(determinated by the user). 


[vee [tt 


-5 
z 
50 


- Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device This 's a stress rating only 
and functional operation of the device at these conditions 1s not implied Exposure to maximum rating conditions for extended periods 


may affect device reliability 


- (1) Within these limits, clamping diodes are guarantee to be not conductive Voltages outside these limits are authorised as long as 


Injection current is kept within the specification 
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RECOMMENDED OPERATING CONDITIONS 


Low Voltage option 
fosc= 2MHz 
fint = 2MHz 


fosc= 4MHz 
fint = 4MHz 


fosc = 8MHz 
fint = 8MHz 


Vpp = 3V 
(3) DD 
Internal Frequency Vop = 4.5V 
Pin Injection Current (positive) 
linus Digital Input Vop = 4.5 to 5.5V 
Analog Inputs!) 
Pin Injection Current (negative) 
linu- Digital Input “ Vpp = 4.5 to 5.5V 
Analog Inputs 


Notes : 

1 Acurrent of + 5mA can be forced on each pin of the digital section without affecting the functional behaviour of the device For a positive 
current injected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins 

2. If a total current of +1 mA ts flowing into the single analog channel or if the total current flowing into all the analog inputs ts of 1mA, all the 
resulting conversions are shifted by +1 LSB If a total positive current ts flowing into the single analog channel or if the total current 
flowing into all the analog inputs is of 5mA, all the resulting conversions are shifted by +2 LSB 

3. Anoscillator frequency above 1MHz is recommended for reliable A/D results 


Maximum Operating FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (V,,) 


Maximum FREQUENCY ( MHz ) 


4 4.5 5 
SUPPLY VOLTAGE ( V,, ) VR001807 


The shaded area is outside the ST6260/65 operating range, device functionality is not guarenteed 


(7 SGS-THOMSON 97/84 
SIF, MICROELECTRONICS 
63 


$T6260/65 


DC ELECTRICAL CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Symbol Test Conditions 
Vit Input Low Level Voltage 
All inputs 


Input High Level 
Voltage Vop x 0.7 
All inputs 


Hysteresis Voltage 
All Inputs 


<= 


Low Level Output Vpp=4.5V loL = +1.6mMA 
Voltage Vop=4.5V lo_ = +5.0MA 
Port A, C Vpp=3.0V lot = +0.7mMA 


Low Level Output Vop=4.5V lo. = +1.6MA 
Voltage Vop=4.5V lot=+20.0mMA 
Port B Vpp=3.0V lot = +0.7mA 


High Level Output Vpp=4.5V lot = -1.6mA 
Voltage Vpp=4.5V lot = -5.0mA 
Port A, B, C Vpp=3.0V lot = -0.7mA 


Input Pull-up Current 
Input Mode with Pull-up | Vin= Vss, Vpp=2.5-6V 
Port A, B, C, NMI 


—_ 
© 
oO 
c 
> 


= 


Input Leakage Vin = Vss 
Current(1) Vin = Vpp 


Supply Current in Vreset=Vss 
RESET Mode fosc=8MHz 


Supply Current in Vpp=5.0V — finr=8MHz 
RUN Mode () Vpp=3.0V  fint=4MHz 


= 
> 


3 
> 


Supply Current in Vpp=5.0V — finr=8MHz 
WAIT Mode °°) Vpp=3.0V _ finr=4MHz 


Supply Current in lLoap=OMmA 
STOP Mode®) Vpp=5.0V 
Notes : 


1 Only when pull-ups are not inserted 

2 All peripherals running 

3 EEPROM and A/D Converter in Stand-by 

4 Hysteresis voltage between switching levels 


=| 
> 


= 
> 


0.2 
0.2 
4.1 
3.5 
2.6 


in 
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AC ELECTRICAL CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Symbol Parameter Test Conditions | vawe 
| Mins | typ. | Max. 
cemrroneny eee ||| a | 
wowiontewimron [Eee Tw TO 
crores [Esoe® [fe | 
' Oscillator Start-up Time Ci1 = Cie = 22pF 10 
ou Vppx0.1 to Vopx0.9 oe 


Supply Recovery Time “) 100 


Minimum Pulse Width (Vpp = 5V) 
Twr RESET pin 100 
NMI pin 100 
N 


[Tee eeProuwiietine —___[Taraseowewe [| 5 [wo | mm 
vars] EEPROMWATEERASEGyo= | OxtorAowpnnes |>on000[ |__| eve 
[raion | EEPAOW DauRoemin | tana50 | 0 | |_| ven 
en | menage Ataf 


Note: 
1 Period for which Vpp has to be connected at OV to allow internal Reset function at next power-up 
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I/O PORT CHARACTERISTICS 


Crew meee eel 
ved 


Input Low Level Voltage /O Pins i 
Input High Level Voltage I/O Pins 


Input Leakage Current Vpp= 3 OV 


0.1 
I/O Pins (pull-up resistor off) Vena 5.5 ary 


Vpp= 5.0V 
loc= 10uA, All I/O Pins 

loc= 5mA, Standard I/O 
loc= 10mA, Port B 
loc= 20mA, Port B 


loH= — 10uNA 
lon= — 5MA, Vpp= 5.0V 
lon= — 1.5mMA, Vpp= 3.0V 


Vin= Vpp or Vss 


Low Level Output Voltage 


High Level Output Voltage 
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SPI CHARACTERISTICS 


Parameter Test Conditions 
| Min, | Typ. | Max. | 


te _[GioarFregereyarscx [SY SS*dS*d Ct 
es aes aR Ea ae 
<a 


Note 1. Minimum time Ous 
Maximum time 1 instruction cycle 
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TIMER1 CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Symbol Parameter 


Input Frequency on TIM1 Pin") 


Pulse Width at TIM1 Pin") 


Note: 
1 Not available for ST6260 


AR TIMER CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Le 


STOP Mode 


Input Frequency on 
ARTIMin pin RUN and WAIT Modes 


Pulse Width at 
ARTIMin Pin 
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A/D CONVERTER CHARACTERISTICS 
(Ta= -40 to +85°C unless otherwise specified) 


Parameter Test Conditions 


| Res |Resoltion = 


eee aa <u Sees 


| te |ConversionTime Time [ConversionTime = |fosc=8MHz | fosc=8MHz 


Oe ey result 
pected a result 
Analog Input Current During _ 


Analog Channel 
Analog Source Impedance switched just before 
conversion start (4) 


Notes: 

1. Noise at Vpp, Vss <10mV 

2. With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased 

3. Excluding Pad Capacitance 

4. ASlcan be increased as long as the load of the A/D Converter input capacitor is ensured before conversion start 
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PACKAGE MECHANICAL DATA 


Figure 54. 20-Pin Dual in Line Plastic (B), 300-Mil Width 


VROA1725 


Figure 55. 28-Pin Dual in Line Plastic (B), 600-Mil Width 


VROO1725 
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| mm | _inches___| 
baal aT 
ze Af | {ae} _|__}oss 
Dafoe] [a] J 
rey pee) on 
ra [a5 [as [| Joa 


a 


Number of Pins 


i i aa 


Ta [22] [48 [ocee] —_[o-co| 
rar [ost] [177 [oro] [aces] 
re [o28[ [058 [oors| [ous 
rar [os [182 [0055] [oes 
Te [oz] | 02 [ocoe) [oon 
To [as06[ [2622] 1400] [1.425] 
A A 
ret | [weal | _[oee 
rer[ [wal [| [see] 
Oe a 
Bia Me Ee 
es Ea 
ret [ext [ [owl | 
ee 


ST6260/65 
PACKAGES MECHANICAL DATA (Continued) 


Figure 56. 20-Lead Small Outline Plastic (M), 300-Mil Width 


[nm | rehes | 
Ma ee 
Tx feast [ess fooei| [ov] 
rar for || 03 [oes [ont] 
Fe [oss] [ove | ore] | oroa 
To [oz | [ose [oer [ores 
Po feel [190 [aor [srt 
Ee es se hee al 
Pe [roo] [ioesfocea] [oar] 
rex [rao] [760 | asta] | 0ee 
eee ee 
Pi [oa | [rer [oars] [oot] 
ref lial | [owl | 
SS GP GM 


Pe [oa] [rar [oore [oso 
ret fal | fowl 
oe ee 


Number of Pins 


i a C8 a. Sa 
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ORDERING INFORMATION 


The following chapter deals with the procedure for 
transfer customer codes to SGS-THOMSON. 


Communication of the customer code. Cus- 
tomer code is made up of the ROM contents and 
the list of the selected mask options. The ROM 
contents are to be sent on one diskette with the 
hexadecimal file generated by the development 
tool. All unused bytes must be set to FFh. 


The selected mask options are communicated to 
SGS-THOMSON using the correctly filled OPTION 
LIST appended. 


Listing Generation & Verification. When SGS- 
THOMSON receives the diskette, a computer list- 
ing is generated from it. This listing refers exactly 
to the mask that will be used to produce the micro- 
controller. Then the listing is returned to the cus- 
tomer that must thoroughly check, complete, sign 
and return it to SGS-THOMSON. The signed listing 
constitutes a part of the contractual agreement for 
the creation of the customer mask. 


SGS-THOMSON sales organization will provide 
detailed information on contractual points. 


ORDERING INFORMATION TABLE 


ST6265B1/XXX 
ST6265B6/XXX 


Table 20. ROM Memory Map 
ST6260,ST6265 (4K ROM Devices) 


Reserved "") 


0000h-007Fh 

0080h-OF9Fh 

OFAOh-OFEFh 
OFFOh-OFF7h 
OFF8h-OFFBh 
OFFCh-OFFDh 
OFFEh-OFFFh 


Notes : 
1 Reserved Areas should be filled with FFh 


User ROM 
Reserved 
Interrupt Vectors 

Reserved 
NMI Interrupt Vector 
Reset Vector 


Temperature Range 


0 to +70°C 
0 to +70°C 
-40 to +85°C PSO20 


Note: /XXX is a 2-3 alphanumeric character code added to the generic sales type on receipt of a ROM code and valid options. 
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ST6260, ST6265 MICROCONTROLLER OPTION LIST 


Customer 
Address 


Contact 
Phone No 
Reference 


SGS-THOMSON Microelectronics references 


Device: 
[ ] ST6260, [ ] ST6265 


Package: 
[ ] Dual in Line Plastic 


[ ] Small Outline Plastic 
In this case, select conditioning 
[ ] Standard (Stick) 
[ ] Type 2 Reel 
Temperature Range: 
[ ]0°C to + 70°C [ ]-40°C to + 85°C 


Special Marking: 
[ ] No 
[ ] Yes 


‘Authorized characters are letters, digits, ’.’, —’, ’/ and spaces only. 
Maximum character count are 10 char. for DIP packages and 8 char. for SO packages. 


Watchdog Selection: 
[ ] Hardware Activation [ ] Software Activation 
(no STOP mode) (STOP mode available) 


Power Supply: 
[ ] Standard (3.0V to 6.0V) 
For low Voltage (2.5V to 6.0V) Contact your Local SGS-THOMSON Office 


Notes 


Signature 


Date 
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ICT} SGS-THOMSON ST62E60, T60 
I4,. icROELECTROMICS ST62E65, T65 


8-BIT EPROM HCMOS MCUs WITH 
A/D CONVERTER, EEPROM & AUTORELOAD TIMER 


PRELIMINARY DATA 


» 3.0 to 6.0V Supply Operating Range 

a 8 MHz Maximum Clock Frequency 

a -40 to +85°C Operating Temperature Range 

Run, Wait & Stop Modes 

5 different interrupt vectors 

Look-up table capability in ROM 

User EPROM: 3868 bytes 

Data ROM: User selectable size PDIP20 
(in program EPROM) 

Data RAM: 128 bytes 

EEPROM: 128 bytes 

PDIP20, PSO20 (ST62T60) packages 

PDIP28, PSO28 (ST62T65) packages 

FDIP20W (ST62E60) packages 

FDIP28W (ST62E65) packages 

13/21 fully software programmable I/O as: 

— Input with pull-up resistor 

— Input without Pull-up resistor 

— Input with interrupt generation 

— Open-drain or push-pull outputs (Ordering Information at the end of the datasheet) 

— Analog Inputs 

a 6/8 I/O lines can sink up to 20mA for direct LED EPROM PACKAGES 

or TRIAC driving 

8 bit counter with a 7-bit programmable prescaler 

(Timer1) 

» 8 bit Autoreload timer with 7-bit programmable 

prescaler (AR Timer) 
a Digital Watchdog 
» 8 bit A/D Converter with up to 7 (ST62E60, T60) 
and up to 13 (ST62E65,T65) analog inputs 


a 8 bit Synchronous Peripheral Interface (SPI) 
» On-chip clock oscillator (Quartz or Ceramic) 
=» Power-on Reset 

a One external not maskable interrupt 


a O powerful addressing modes The ST62E60 and ST62E65 are the EPROM versions; 
ST62T60 and ST62T65 are the OTP versions; 
both are fully compatible with ST6260 and ST6265 
ROM versions. 


FDIP20W FDIP28W 
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Figure 1. ST62E60/T60 Pin Configuration Figure 2. ST62E65/T65 Pin Configuration 


PBO 

PB1 

TEST/V,, 

PB2 

PB3 

PB4 

PB5 

ARTIMin / PB6 
ARTIMout / PB7 
Ain / PAO 

Vo o 

Vs § 

Ain / PA1 

Ain / PA2 


PCO / Ain 

PC1 / TIM1 / Ain 
PC2 / Sin / Ain 
PC3 / Sout / Ain 
PC4 / SCK / Ain 
NMI 

RESET 

OSCout 

OSCin 

PA7 / Ain 

PAG / Ain 

PAS / Ain 

PA4 / Ain 

PA3 / Ain 


PBO 

PB1 

TEST/V,, 

PB2 

PB3 

ARTIMin / PB6 
ARTIMout / PB7 
Ain / PAO 

Vo o 

Ves 


a PC2 / Sin / Ain 
19 | PC3 / Sout / Ain 
185 PC4/SCK/ Ain 
17 [| NMI 

16 |] RESET 

15 ] OSCout 

14 |} OSCin 

13 ] PAS / Ain 


12 ]] PA2/ Ain 
11] PA / Ain 


OnN OO aA WN — 


© 


- O OnN OOF WN — 


es Sa a 9 
WMD — O 


VROB1821 VROB1822 


Figure 3. ST62E60,E65 Block Diagram 


PAO PA3 
Ky porta KT) PA4 PAZ / Ain * 


= PORT B CTI) PBO PB3 / 20mA SINK 
PB4 PB5 / 20mA SINK * 


NMI =D} INTERRUPT PB6 / ARTIMin / 20ma SINK 
PB7 / ARTIMout / 20ma SINK 


TEST/V,. LJ 


DATA ROM 


USER PCO / Ain * 
SELECTABLE _Pporte {LT PC1 / TIM1 / Ain * 
USER PROGRAM PC2 / Sin/ Ain 
EPROM DATA RAM PC3 / Sout / Ain 
3868 Bytes PC4 / SCK/ Ain 
DATA EEPROM 
Ain = Analog Input 


C=) AUTORELOAD 
TIMER 


STACK LEVEL 5 
STACK LEVEL 6 


8 BIT 
OSCILLATOR 
POWER eee \—Y) WD CONVERTER 
SUPPLY DIVIDER 


Ss) || 
Vpp Vgg OSCin OSCout RESET VR0B1823 


STACK LEVEL 1 SERIAL PERIPHERAL 
STACK LEVEL 2 = INTERFACE (SPI) 
STACK LEVEL 3 

STACK LEVEL 4 8 BIT CORE > = DIGITAL WATCHDOG 


*“ NOT AVAILABLE ON ST62E60/T60 
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GENERAL DESCRIPTION 


The ST62E60,T60,E65,T65 microcontrollers are 
members of the 8-bit HCMOS ST62xx family, a se- 
ries of devices oriented to low-medium complexity 
applications. 


They are the EPROM and OTP versions of the 
ST6260 and ST6265 devices. EPROM are suited 
for development. OTPs are suited for prototyping, 
preseries, low to mid volume series and inventory 
optimization for customer having several applica- 
tions using the same MCU. All ST62xx members 
are based on a building block approach: a common 
core is surrounded by a combination of on-chip pe- 
ripherals (macrocells). 

The macrocells of the ST62E60, T60, E65 and T65 
are: the timer peripheral that includes an 8-bit 
counter with a 7-bit software programmable pres- 
caler (Timer), the 8-bit Auto-reload Timer with 7 
bit programmable prescaler (AR Timer), the 8-bit 
A/D Converter with up to 7 (ST62E60,T60) and up 
to 13 (ST62E65,T65) analog inputs (A/D inputs are 
alternate functions of I/O pins), the Digital Watch- 
dog (DWD) and an 8-bit Serial synchronous Pe- 
ripheral Interface (SPI). In addition, these devices 
offer 128 bytes of EEPROM for non volatile data 
storage. 

ST62E60 ,T60, E65 and T65 are well suited for 
automotive, appliance and industrial applications. 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vsgs is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal, a ceramic resonator or an external 
clock signal can be connected between these two 
pins in order to allow the correct operation of the 
MCU with various stability/cost trade-offs. The fre- 
quency at OSCin and OSCout is internally divided 
by 1, 2 or 4 by a software controlled divider. The 
OSCin pin is the input pin, the OSCout pin is the 
output pin. 

RESET. The active low RESET pin is used to re- 
start the microcontroller to the beginning of its pro- 
gram. 


TEST. The TEST must be held at VSS for normal 
operation (an internal pull-down resistor selects 
normal operating mode if TEST pin is not con- 
nected). 


NMI. The NMI pin provides the capability for asyn- 
chronous interrupt applying an external not mask- 
able interrupt to the MCU. The NMI is falling edge 
sensitive. It is provided with an on-chip pull-up re- 
sistor and Schmitt trigger characteristics. 
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PC1/TIM1/Ain. This pin can be used as a Port C 
I/O bit, as Timer 1 I/O pin or as analog input for the 
on-chip A/D converter. This pin is available only on 
the ST62E65 and T65 (28 pin version). If pro- 
grammed to be the Timer 1 pin, in input mode it is 
connected to the prescaler and acts as external 
timer clock or as control gate for the internal timer 
clock. In the output mode the timer pin outputs the 
data bit when a time out occurs. 

To use this pin as Timer 1 output a dedicated bit in 
the TIMER 1 Status/Control Register must be set. 
To use this pin as input pin the 1/O pin has to be 
programmed as input. The analog mode should be 
programmed to use the line as an analog input. 


PB6/ARTIMin, PB7/ARTIMout. These pins are 
either Port B I/O bits or the Input and Output pins of 
the Auto-reload Timer. To be used as timer input 
function PB6 has to be programmed as input with 
or without pull-up. A dedicated bit in the AR TIMER 
Mode Control Register sets PB7 as timer output 
function. 


PAO-PA7. These 8 lines are organized as one I/O 
port (A). PA4-PA7 are not available on ST62E60 
and T60 (20 pin version). Each line may be config- 
ured under software control as input with or without 
internal pull-up resistor, interrupt generating input 
with pull-up resistor, analog input, open-drain or 
push-pull output. 


PBO-PB3, PB4, PB5. These 6 lines are organized 
as one I/O port (B). PB4, PB5 are available only on 
the ST62E65 and T65 (28 pin version). Each line 
may be configured under software control as input 
with or without internal pull-up resistor, interrupt 
generating input with pull-up resistor, open-drain 
or push-pull output. In output mode these lines can 
also sink 20mA for direct LED and TRIAC driving. 
The reset configuration of PBO-PB3 can be se- 
lected by mask option (pull-up or high impedance). 


PCO-PC4. These 5 lines are organized as one I/O 
port (C). PCO and PC1 are not available on 
ST62E60, T60 (20 pin version). Each line may be 
configured under software control as input with or 
without internal pull-up resistor, interrupt generat- 
ing input with pull-up resistor, analog input for the 
A/D converter, open-drain or push-pull output. 
PC2-PC4 can also be used as respectively Data in, 
Data out and Clock 1/O pins for the on-chip SPI to 
carry the synchronous serial I/O signals. 


THE READER IS ASKED TO REFER TO 
THE DATASHEET OF THE S1T6260,65 
ROM DEVICE FOR FURTHER DETAILS. 
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ST62E60,T60 - ST62E65,T65 


EPROM/OTP DESCRIPTION 


The ST62E60/E65 are the EPROM versions of the 
S1T6260/65 products. They are intended for use 
during the development of an application and for 
pre-production and small volume _ production. 
ST62T60/T65 OTP have the same characteristics. 
They all include EPROM memory instead of the 
ROM memory of the corresponding ST6260/65, 
and so the program can be easily modified by the 
user with the ST62E6X EPROM programming 
tools from SGS-THOMSON. 


From a user point of view (with the following excep- 
tions) the ST62E60/E65 and ST62T60/T65 prod- 
ucts have exactly the same software and hardware 
features as the ROM version. An additional mode 
is used to configure the part for programming of the 
EPROM, this is set by a +12.5V voltage applied to 
the TEST/Vpp pin. The programming of the 
ST62E60, T60, E65, T65 is described in the User 
Manual of the EPROM Programming Board. 

Note also the Low Voltage option of ROM devices 
can not be emulated on EPROM or OTP devices 


ROM Option Emulation 


The ROM mask options that can be selected by the 
user in the ROM devices can be selected on the 
EPROM/OTP devices by an EPROM CODE byte 
that can be programmed with the ST62E6x 
EPROM programming tools available from SGS- 
THOMSON. This EPROM CODE byte is automat- 
ically read, and the selected options enabled, 
when the chip reset is activated. 

The Option byte is written during programming 
either by using the PC menu (PC driven Mode) or 
automatically (stand-alone mode). 


EPROM Programming Mode 


An additional mode is used to configure the part for 
programming of the EPROM, this is set by a 12.5V 
voltage applied to the TEST/Vpp pin. The program- 
ming of the ST62E60/E65 and ST62T60/T65 is de- 
scribed in the User Manual of the EPROM 
Programming board. 


EPROM ERASING 


The EPROM of the windowed package of the 
ST62E60/E65 may be erased by exposure to Ultra 
Violet light. 

The erasure characteristic of the ST62E60/E65 is 
such that erasure begins when the memory is ex- 
posed to light with a wave lengths shorter than ap- 
proximately 4000A. It should be noted that 
sunlights and some types of fluorescent lamps 
have wavelengths in the range 3000-4000A. It is 
thus recommended that the window of the 
ST62E60/E65 packages be covered by an opaque 
label to prevent unintentional erasure problems 
when testing the application in such an environment. 


72/84 


hy. SGS-THOMSON 


The recommended erasure procedure of the 
ST62E60/E65 EPROM is the exposure to short 
wave ultraviolet light which have a wave-length 
2537A. The integrated dose (i.e. U.V. intensity x 
exposure time) for erasure should be a minimum of 
15W-sec/cm*. The erasure time with this dosage is 
approximately 15 to 20 minutes using an ultraviolet 
lamp with 12000nW/cm* power rating. The 
ST62E60/E65 should be placed within 2.5cm 
(1Inch) of the lamp tubes during erasure. 


Table 1. ST62T60/T65 OTP Memory Map 


User Program ROM 
0080h-OF9Fh 3856 Bytes 


OFAOh-OFEFh Reserved 


OFFOh-OFF7h Interrupt Vectors 
OFF8h-OFFBh Reserved 
OFFCh-OFFDh NMI Vector 


OFFEh-OFFFh User Reset Vector 


Note. Reserved Areas should be filled with FFh 


Figure 4. EPROM Code Option Byte 


EPROM Code 
Option Byte 


lao 


Reserved write 0 
Reserved write 1 
Reserved write 0 
Watchdog Activation Selection 
Reserved, write 0 
Reserved write 0 


Unused 


D7-D6. These bits are not used. 
D5-D4. Must be cleared to zero. 


D3. This bit selects the on-chip Watchdog activa- 
tion. If cleared to zero this bit selects the software 
activation, if set to one, it selects the hardware ac- 
tivation option. 

D2-D0. Must be cleared to zero. 


D1. Must be set to one. 
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ST62E60,T60 - ST62E65,165 


ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings Power Considerations. The average chip-junc- 


This product contains devices to protect the inputs _—‘tion temperature, Tj, in Celsius can be obtained 
against damage due to high static voltages, how- from : 
ever it is advised to take normal precaution to avoid Tj = Ta+PDx RthJA 


application of any voltage higher than maximum Where :Ta = Ambient Temperature 
rated voltages. acd: 

? ee RthJA = Package thermal resistance 
For proper operation it is recommended that Vi and (junction-to ambient) 
Vo must be higher than Vss and smaller Vpp. Reli- 
ability is enhanced if unused inputs are connected PD= _— Pint + Pport. 


to an appropriated logic voltage level (Vpp or Vss). Pint= = lpp x Vpp (chip internal power). 


Pport = Port power dissipation 
(determinated by the user). 


smo [ Param dS 
Pe | GonentoranperPnescudngvoo ves Ym 
Pin Injection current (positive), All 1/O. Vop = 4.5V | oma | 
Tin rcnorename vn=asv [sm 
voo | Toluene vioiwoueey ——SSS«SSSC*S*dYC 
Fes Total Current out of Vss (sink) a 
Junction Temperature 
Notes : 


- Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device This Is a stress rating only 
and tunctional operation of the device at these conditions is not implied Exposure to maximum rating conditions for extended periods 
may affect device reliability 


- (1) Within these limits, clamping diodes are guarantee to be not conductive Voltages outside these limits are authorised as long as 
injection current is kept within the specification 


THERMAL CHARACTERISTIC 


Test Conditions 


ee 
rere | i 
ee 
ee 


Thermal Resistance 


57 SGS:THOMSON oS 
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ST62E60,T60 - ST62E65,T65 


RECOMMENDED OPERATING CONDITIONS 


: 6 Suffix Version 
Operating Temperature 4 Suffix Version 


fosc= 4MHz 
fint = 4MHz 


fosc = B8MHz 
fint = 8MHz 


Pin Injection Weuietid (positive) 
Digital Input 
Analog Inputs?) 


Pin Injection Current (negative) 
Digital Input “ Vpp = 4.5 to 5.5V 
Analog Inputs 


Notes : 


1 Acurrent of + 5mA can be forced on each pin of the digital section without affecting the functional behaviour of the device For a positive 
current injected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins 


2 If a total current of +1 mA Is flowing into the single analog channel or if the total current flowing into all the analog inputs Is of 1mA, all the 
resulting conversions are shifted by +1 LSB Ifa total positive current is flowing into the single analog channel or if the total current 
flowing into all the analog inputs is of 5mA, all the resulting conversions are shifted by +2 LSB 


3 Anoscillator frequency above 1MHz ts recommended for reliable A/D results 


Maximum Operating FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (V,,) 


Maximum FREQUENCY ( MHz ) 


4 4.5 5 


SUPPLY VOLTAGE ( V,, ) VROA1807 


The shaded area is outside the device operating range, device functionality is not guarenteed 
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ST62E60,T60 - ST62E65, 165 


DC ELECTRICAL CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


jones | ream 
Input Low Level Voltage 
poe All inputs er S 


Input High Level 
Voltage 
All inputs 


Test Conditions 


Hysteresis Voltage “ 
All Inputs 


Low Level Output 
Voltage 
Port A, C 


Vpp=4.5V lot = +1.6mMA 
Vpp=4.5V lot = +5.0MA 
Vpp=3.0V lo_ = +0.7mMA 


Low Level Output 
Voltage 
PortB 


Vop=4.5V lo. = +1.6mA 
Vpp=4.5V lo_=+20.0mMA 
Vpp=3.0V lot = +0.7mMA 


High Level Output 
Voltage 


Vpp=4.5V lot = -1.6mMA 
Vpp=4.5V lo. = -5.OmMA 
Vpp=3.0V lo. = -0.7mA 


Input Pull-up Current 
Input Mode with Pull-up | Vin=Vss, Vop=3-6V 
Port A, B, C, NMI 


liv Input Leakage Vin = Vss ; 
Current(1) weve ff fe | 
Supply Current in Vreset=Vss 
Supply Current in Vpp=5.0V — finr=8MHz 6.6 ie 
RUN Mode () Vpp=3.0V finr=4MHz TBD 
Supply Current in Vpp=5.0V — fintr=8MHz 1.50 
WAIT Mode ®) Vpp=3.0V_ finr=4MHz TBD 
Supply Current in lLoan=OMA WA 
STOP Mode®? Vpp=5.0V 
Notes : 


1 Only when pull-ups are not inserted 

2.All peripherals running 

3.EEPROM and A/D Converter in Stand-by 
4.Hysteresis voltage between switching levels 
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ST62E60,T60 - ST62E65,T65 


7 ELECTRICAL CHARACTERISTICS 
= -40 to +85°C unless otherwise specified) 


eee eee | el 
=| [=| _ 
ar | [=[_ 
eer ese Te 

Vppx0.1 to Vopx0.9 i 


Minimum Pulse Width eee teenirel = 5V) 
RESET pin 
NMI pin 


aa eee et 
Ean |eemouwnreRnsseGce | OnarAcapnme [eon] |_| em 
oni | erowomnonin [nese fe ||| 
Ten | osname] e 
an [owen [Nowmrne | 


Note: 
1. Period for which VDD has to be connected at OV to allow internal Reset function at next power-up. 


Test Conditions 
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ST62E60,T60 - ST62E65,T65 


/(O PORT CHARACTERISTICS 
Value 


Parameter | Value 
min. | typ. | Mex. | 


Input Low Level Voltage I/O Pins on eee 
Input High Level Voltage /O Pins lo.7xVoo} = fT 
a 2.0 
- Vpp= 3.0V 0.1 1.0 WA 
" Vpp= 5.5V 0.1 1.0 


loc= 10A , All I/O Pins 
SPI CHARACTERISTICS 


loc= 5mA , Standard I/O 


| ty | Data hold time on [Data hold timeon Sin | 


Note : 


1. Minimum time Ous 
Maximum time 1 instruction cycle 


Test Conditions 


Low Level Output Voltage 


lo.= 10mA , Port B ‘ 
lo.= 20mA , Port B 
lon= — 10nA 

High Level Output Voltage lon= — 5MA, Vpp= 5.0V V 


lon= — 1.5mMA, Vop= 3.0V 


Vin= Vpp or Vss 


Input Leakage Current 
I/O Pins (pull-up resistor off) 


Test Conditions 
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ST62E60,T60 - ST62E65,T65. 


awa CHARACTERISTICS 
= -40 to +85°C unless otherwise specified) 


fiNT 


= 1 


Pulse Width at TIM1 Pin" 


Note: 
1 Not available for ST6260 


AR TIMER CHARACTERISTICS 
(Ta = -40 to +85°C unless otherwise specified) 


Resolution 


STOP Mode 


Input Frequency on 
ARTIMin pin 


RUN and WAIT Modes 


Pulse Width at 
ARTIMin Pin 


78/84 {yz SGS-THOMSON 
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ST62E60,T60 - ST62E65, 165 


A/D CONVERTER CHARACTERISTICS 
(Ta= -40 to +85°C unless otherwise specified) 


Zero Input Reading aad result when 
Conversion result when 
F Full Scale Reading Vin=Ve6 FF Hex 


SR 
Analog Input Current During 7 


1 Noise at VDD, VSS <10mV 

2. With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased 

3 Excluding Pad Capacitance 

4. ASI can be increased as long as the load of the A/D Converter input capacitor is ensured before conversion start 
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ST62E60,T60 - ST62E65,T65 


PACKAGE MECHANICAL DATA 


20-Lead Frit Seal Ceramic Dual in Line Package, 300-Mil Width 


| mm | _inches 
| Min | Typ | Max | Min | Typ | Max | 
pA tT of tsmt | foes) 
p At | oso{ [1.78 [oo2o] [0.070] 
}o40] | 055 Joote| [0022 | 


0 


1059) 
[0.050 
eas 


VROC1725 


28-Lead Frit Seal Ceramic Dual in Line Package, 600-Mil Widht 


LE} > 1 

| &1 113.05] | 13.36 

oa 1 

jet | 220] | 279 |00 

Co feet [736 270 

| | NumberofPins 
VROBI725 i aa: a! 


ORDERING INFORMATION 


Please contact your local SGS-THOMSON marketing contact for ordering information 
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516294 
8-BIT HCMOS MCU WITH 


A/D CONVERTER, EEPROM & AUTO-RELOAD TIMER 


3 to 6.0V Supply Operating Range 

8 MHz Maximum Clock Frequency 

-25 to +85°C Operating Temperature Range 
Run, Wait & Stop Modes 

5 different interrupt vectors 

Look-up table capability in ROM 


User ROM: 3868 bytes 

Data ROM: User selectable size 
(in program ROM) 

Data RAM: 128 bytes 

EEPROM: 128 bytes 


PDIP28, PSO28 packages 


21 fully software programmable I/O as: 
— Input with pull-up resistor 

— Input without pull-up resistor 

— Input with interrupt generation 

— Open-drain or push-pull outputs 

— Analog Inputs 


8 I/O lines can sink up to 20mA for direct LED or 
TRIAC driving 


8 bit counter with a 7-bit programmable prescaler 
(Timer) 


8 bit auto-reload timer with 7-bit programmable 
prescaler (AR Timer) 


Digital Watchdog 
8 bit A/D Converter with up to 13 analog inputs 
8 bit Synchronous Peripheral Interface (SPI) 


On-chip clock oscillator (Quartz Crystal or Ce- 
ramic) 


Power-on Reset 
Clock output 
9 powerful addressing modes 


The development tool of the ST6294 microcon- 
trollers consists of the ST626x-EMU emulation 
and development system connected via a stand- 
ard RS232 serial line to an MS-DOS Personal 
Computer 


October 1993 
This is Preliminary Data from SGS-THOMSON. Details are subject to change without notice. 


PRELIMINARY DATA 


PDIP28 


(Ordering Information at the end of the datasheet) 
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Figure 1. ST6294 Pin Configuration 


28 || PCO / Ain 
27 |] PC1 / TIM1 / Ain 
26 [|] PC2 / Sin / Ain 
25 |] PC3 / Sout / Ain 
24 {] PC4 / SCK / Ain 
23 |] CLKout 
22 |] RESET 
21 |] OSCout 
20 |] OSCin 

PA7 / Ain 

PA6 / Ain 

PA5 / Ain 

PA4 / Ain 

PA3 / Ain 


Oo ON OTF WDM = 


a Sr ao 
OM + © 


VROA1822 


PAO PA3 
<> PORTA KIT) pag Paz / Ain 
ae PORT B <i PBO PB3 / 20mA SINK 
PB4 PB5 / 20mA SINK 
PB6 / ARTIMin / 20mA SINK 
PB7 / ARTIMout / 20mA SINK 


TEST [| 


DATA ROM 


USER PCO / Ain 
SELECTABLE — PORT C ap PC1 / TIM1 / Ain 


USER PROGRAM PC2 / Sin / Ain 
ROM DATA RAM PC3 / Sout / Ain 
3884 Bytes 128 Bytes PC4 / SCK / Ain 
> TIMER 1 
DATA EEPROM 
128 Bytes Ain = Analog Input 
= AUTORELOAD 
TIMER 


STACK LEVEL 1 SERIAL PERIPHERAL 
STACK LEVEL 2 Coat INTERFACE (SPI) 
STACK LEVEL 3 

STACK LEVEL 4 8 BIT CORE — (= DIGITAL WATCHDOG 


STACK LEVEL 5 
STACK LEVEL 6 


aah 8 BIT 
OSCILLATOR 
CLKout [1 + POWER RESET A/D CONVERTER 
DIVIDER SUPPLY LVI 

a ea 


OSCin OSCout RESET VRO0A1823 
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GENERAL DESCRIPTION 


The ST6294 microcontroller is member of the 8-bit 
HCMOS ST62xx family, a series of devices oriented 
to low-medium complexity applications. All ST62xx 
members are based on a building block approach: a 
common core is surrounded by a combination of on- 
chip peripherals (macrocells). 


The macrocells of the ST6294 are: the Timer pe- 
ripheral that includes an 8-bit counter with a 7-bit 
software programmable prescaler (Timer1), the 8- 
bit Auto-reload Timer with 7 bit programmable 
prescaler (AR Timer), the 8-bit A/D Converter with 
up to 13 analog inputs (A/D inputs are alternate 
functions of I/O pins), the Digital Watchdog (DWD) 
and an 8-bit Serial synchronous Peripheral Inter- 
face (SPI). In addition, these devices offer 128 
bytes of EEPROM for non volatile data storage. 
The ST6294 is a version of the ST6265 specifically 
tailored to be used in telephone set applications. 
The only difference is that a CKOUT pin is provided 
instead of the NMI pin. For this reason this 
datasheet only contains information relating to the 
differences to the ST6265, and thus should be read 
in conjunction with the ST6265 datasheet. The 
ST62E94 EPROM version is available for prototypes 
and low-volume production; also OTP version is 
available. 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal, a ceramic resonator or an external 
clock signal can be connected between these two 
pins in order to allow the correct operation of the 
MCU with various stability/cost trade-offs. The fre- 
quency at OSCin and OSCout is internally divided 
by 1, 2 or 4 by a software controlled divider. The 
OSCin pin is the input pin, the OSCout pin is the 
output pin. 

RESET. The active low RESET pin is used to re- 
start the microcontroller to the beginning of its pro- 
gram. 


ST6294 


TEST. The TEST must be held at Vss for normal 
operation (an internal pull-down resistor selects 
normal operating mode if TEST pin is not con- 
nected). 


CKOUT. This clock pin outputs the oscillator fre- 
quency divided by 2 (fosc/2). This function can be 
disabled by software to reduce power consump- 
tion. 


PC1/TIM1/Ain. This pin can be used as a Port C 
I/O bit, as Timer 1 I/O pin or as analog input for the 
on-chip A/D converter. If programmed to be the 
Timer 1 pin, in input mode it is connected to the 
prescaler and acts as external timer clock or as 
control gate for the internal timer clock. In the out- 
put mode the timer pin outputs the data bit when a 
time out occurs. 

To use this pin as Timer 1 output a dedicated bit in 
the TIMER 1 Status/Control Register must be set. 
To use this pin as input pin the I/O pin has to be 
programmed as input. The analog mode should be 
programmed to use the line as an analog input. 


PB6/ARTIMin, PB7/ARTiMout. These pins are 
either Port B I/O bits or the Input and Output pins of 
the Auto-reload Timer. To be used as timer input 
function PB6 has to be programmed as input with 
or without pull-up. A dedicated bit in the AR TIMER 
Mode Control Register sets PB7 as timer output 
function. 


PAO-PA7. These 8 lines are organized as one I/O 
port (A). Each line may be configured under soft- 
ware control as input with or without internal pull- 
up resistor, interrupt generating input with pull-up 
resistor, analog input, open-drain or push-pull out- 
put. 


PBO-PB3, PB4, PB5. These 6 lines are organized 
as one |/O port (B). Each line may be configured 
under software control as input with or without in- 
ternal pull-up resistor, interrupt generating input 
with pull-up resistor, open-drain or push-pull out- 
put. In output mode these lines can also sink 20mA 
for direct LED and TRIAC driving. The reset con- 
figuration of PBO-PB3 can be selected by mask op- 
tion (pull-up or high impedance). 


PCO-PC4. These 5 lines are organized as one I/O 
port (C). Each line may be configured under soft- 
ware control as input with or without internal pull- 
up resistor, interrupt generating input with pull-up 
resistor, analog input for the A/D converter, open- 
drain or push-pull output. PC2-PC4 can also be 
used as respectively Data in, Data out and Clock 
/O pins for the on-chip SPI to carry the synchro- 
nous serial I/O signals. 
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ST6294 DESCRIPTION 


The ST6294 is a version of the ST6265 standard 
device dedicated to telephone set application. 


From a user point of view (with the following excep- 
tions) the ST6294 product has exactly the same 
software and hardware features as the ST6265. 


NMI 


There is no external NMI pin in the ST6294. Al- 
though the ST6294 uses the standard ST62 core, 
which includes the NMI function. The user program 
therefore cannot place the ST62 in NMI mode. 
However, NMI mode is the default mode at power 
on or after a system reset generated by the watch- 
dog or through the RESET pin. In these cases, the 
user software must perform a RETI instruction to 
exit from NMI mode to enable further interrupts 
from other sources prior to any other instruction. 
The ST6265 data sheet must therefore be read in 
this respect. 


CKOUT PIN 


The CKOUT pin is a dedicated output pin which en- 
ables a stabilized clock output to drive external cir- 
cuits without any additional components. The clock 
output can be disabled by software to reduce 
power cosumption. 


The output frequency is the oscillator frequency 
(before the Oscillator Divider) divided by 2 (fosc/ 2). 
The CKOUT pin is enabled through bit CKOUTEN 
of the Oscillator Control Register, at address DCh. 
The CKOUT pin provides high drive current capa- 
bility. 

Note : 


When enabled through the CKOUTEN bit, the 
clock output increases the device overall power 
consumption by around 200A. It should therefore 
be disabled when the lowest power consumption is 
required. 


Oscillator Control Register 
Figure 3. Oscillator Control Register 


OSCR 


Oscillator Control Register 
( DCh, Read/ Write ) 


lalla 


Division Ratio Selection RSO 
Division Ratio Selection RS1 
Reserved 

CKOUTEN 

Unused 


D7-D4. These bits are not used. 


CKOUTEN. This bit, when cleared to zero, enables 
the output of the oscillator frequency divided by 2 
at pin CKOUT. When it is set to one, pin CKOUT is 
held high. CKOUTEN is cleared on reset. 

D2. Reserved. Must be kept low. 

RS1-RSO. These bits select the division ratio of the 
Oscillator Divider in order to generate the internal 
frequency. The following selections are available: 


ee Coe 
0 
1 
0 
1 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 


This product contains devices to protect the inputs 
against damage due to high static voltages, how- 
ever it is advised to take normal precaution to avoid 
application of any voltage higher than maximum 
rated voltages. 


For proper operation it is recommended that Vi and 
Vo must be higher than Vss and smaller Vpp. Reli- 
ability is enhanced if unused inputs are connected 
to an appropriated logic voltage level (Vpp or Vss). 


Total Current into Vpp (Source) 
Total Current out of Vss (sink) 
Junction Temperature 
Storage Temperature 


Notes: 


a 
[vio | Sippivotwe «CSC | 
FO 
[ve [ommavotwe =i as 0S ovens” |v 
es 
Pin Injection current (negative), All 1/O, Vop = 4.5V a 


ST6294 


Power Considerations. The average chip-junc- 
tion temperature, Tj, in Celsius can be obtained 
from : ° 


Tj = Ta + PD x RthJA 
Where :Ta = Ambient Temperature. 


RthJA = Package thermal resistance 
(junction-to ambient). 


PD = Pint + Pport. 
Pint= = Ipp x Vpp (chip internal power). 
Pport= Port power dissipation 


(determinated by the user). 


-60 to 150 


- Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device . This is a stress rating only 
and functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods 


may affect device reliability 


- (1) Within these limits, clamping diodes are guarantee to be not conductive. Voltages outside these limits are authorised as long as 


injection current is kept within the specification. 


THERMAL CHARACTERISTIC 


Symbol 


Parameter 


Thermal Resistance 


yz SGS-THOMS 
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RECOMMENDED OPERATING CONDITIONS 


TA Operating Temperature 8 Suffix Version refs Pe 


fosc= 4MHz 
finr = 4MHz 


fosc = 8MHz 
fint = 8MHz 


Pin Injection Current (positive) 
Digital Input “ Vpp = 4.5 to 5.5V 
Analog Inputs 7) 


Operating Supply Voltage 


Pin salen eurent (negative) 
Digital Input “”) Vop = 4.5 to 5.5V 
Analog Inputs 


Notes : 


1. Acurrent of + 5mA can be forced on each pin of the digital section without affecting the functional behaviour of the device For a positive 
current injected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins 


2 ‘If a total current of +1 mA is flowing into the single analog channel or if the total current flowing into all the analog inputs Is of 1mA, all the 
resulting conversions are shifted by +1 LSB If a total positive current is flowing into the single analog channel or if the total current 
flowing into all the analog inputs ts of 5mA, all the resulting conversions are shifted by +2 LSB 


3  Anoscillator frequency above 1MHz is recommended for reliable A/D results 


Maximum Operating FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (V,,) 


Maximum FREQUENCY ( MHz ) 


4 4.5 4) 
SUPPLY VOLTAGE ( V,, ) VR001807 


The shaded area is outside the ST6294 operating range, device functionality is not guaranteed. 
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DC ELECTRICAL CHARACTERISTICS 
(Ta = -25 to +85°C unless otherwise specified) 


Input Low Level Voltage 
All inputs 


Vv Input High Level 
’ Voltage 
All inputs 


Low Level Output 


Test Conditions 


-| 
< 
Ro 


IL 
H 


Vop x 0.7 


Vpp=5V 

lo. = 10p/A, All 1/O pins 
CKOUT 

lo. = 5mA, Standard |/O 


Voi 


Voltage CKOUT 
Io. = 10mA, Port B 
lo. = 20mA, Port B 
Vpp=5V 
Vv High Level Output loH = -10nA 
OF Voltage lon = -5.0mMA 
lon = -1.5mMA, Vpp=3V 
Input Pull-up Current 
Ipu Input Mode with Pull-up | Vin= Vss, Vpp=3.0-6V 


Port A, B, C, 


lie a) | Vin = Vss 
Input Leakage Current Vin = Von 


Vreset=Vss,fosc=4MHz 
Vop<3.8V 
Vpp<6.0V 


Vpp=6.0V, fint=8MHz 
All peripherals on “ 
Vpp=3.8V, finr=4MHz 


Vpp=3.8V, finr=1MHz 
fosc=4MHz 
Peripherals disabled 2) 


Supply Current in 
RESET Mode 


NOs 
OM wo 
ah, 
=) 
vo) 


_~ 
~—" 


Supply Current in 
RUN Mode °) 


Vpp=6.0V, finr=8MHz 
Peripherals disabled ©) 
Vpp=3.8V, fint=4MHz 

Peripherals disabled ©) 


Supply Current in a 
STOP Mode Vop=6.0V 
Notes : 


1. A/D Converter running, EEPROM enabled; Timer 1 and AR Timer running; CKOUTpin enabled. When the EEPROM is tn write cycle, an 
additional 300A must be added to |DDmax 


Supply Current in 
WAIT Mode 


2. A/D Converter in Stand-by; EEPROM in Stand-by; CKOUT pin disabled 
3. A/D Converter in Stand-by; EEPROM in Stand-by; CKOUT pin disabled; Timer 1 and AR Timer stopped 
4. Hysteresis voltage between switching levels 
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AC ELECTRICAL CHARACTERISTICS 
(Ta = -25to +85°C unless otherwise specified) 


ou 
: Vpp = 3.0V 
av Port A, B, C, CKOUT 
High to Low Transition Time C.=100pF 
ms Port A, B, C, CKOUT 
Low to High Transition Time CL=100pF 


pp=5V 
Supply Recovery Time “? fo 
Minimum Pulse Width (Vop = 5V) 
RESET pin, NMI pin 


1. Period for which VDD has to be connected at OV to allow internal Reset function at next power-up 


: 
2 
c 
© 


Test Conditions 
Typ 


Oo 


~ 
oO 


100 
100 


oO 


om) 


— 
co) 
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VO PORT CHARACTERISTICS 
(Ta = -25 to +85°C unless otherwise specified) 


Input Low Level Voltage I/O Pins 
Input High Level Voltage I/O Pins 


Vpp= 5.0V 

loc= 10uA , All I/O Pins, CKOUT 
VoL Low Level Output Voltage loL= 5mA , Standard I/O, CKOUT 

lo.= 10mA, Port B 

lo.= 20mA , Port B 


lon= — 10nA 
High Level Output Voltage lon= — 5mA, Vpp= 5.0V 
lon= — 1.5mA, Vpp= 3.0V 


Vin= Vop or Vss 
Vpp= 3.0V 
Vpp= 5.5V 


lie Input Leakage Current 
he I/O Pins (pull-up resistor off) 


SP! CHARACTERISTICS 
(Ta = -25 to +85°C unless otherwise specified) 


Test Conditions 


jin, | typ. | Max. 
as [eearemmne aso 
rr 
| ty | Data hold [DataholdtimeonSin on [DataholdtimeonSin a ae 


| 
pe farrell 


Note 1. Minimum time: Ous 
Maximum time: tit instruction cycle 


Parameter 
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TIMER1 CHARACTERISTICS 


(Ta = -25 to +85°C unless otherwise specified) 


Parameter 
| min. | typ. | Max. | 


finT 


Seg 3.0V Ls 


AR TIMER CHARACTERISTICS 
(Ta = -25 to +85°C unless otherwise specified) 


- 


P Input Frequency on STOP Mode 2 MHz 
ARin : 
env RUN and WAIT Modes in i 


Pulse Width at Vpp = 3.0V 125 
ARTIMin Pin Vpp 2 4.5V 125 


Test Conditions 


Test Conditions 
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A/D CONVERTER CHARACTERISTICS 
(Ta= -25 to +85°C unless otherwise specified) 


(1) (2) fosc > 1.2MHz 
Total Accuracy fose > 32kHz 


Conversion result 
: Conversion result 


Analog Input Current During 7 


Analog Channel 
ASI Analog Source Impedance switched just before 
conversion start “) 


Notes: 


Noise at VDD, VSS <10mV 

With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased. 

Excluding Pad Capacitance. 

ASI can be increased as long as the load of the A/D Converter input capacitor is ensured before conversion start. 


wR 
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PACKAGE MECHANICAL DATA 
Figure 4. 28-Pin Dual in Line Plastic (B), 600-Mil Width 


| mm | inches 
Pein eee 
pA | 22{ | 48 |ooes| | 0.189] 
PAtfost{ [177 ]o010| | 0069 | 
|B [ose] [058 aos} [0.028] 
Bt fos7| | 152 }o.0s5| [0.065 
| ¢ |o2| | 03 [0008] | 0.009] 


VROO1725 Number of Pins 
PN] lS 


Figure 5. 28-Lead Small Outline Plastic (M), 300-Mil Width 


Ta faos| [es6[oosi| [oro 
Ca for | [02 [ooo] [ore 
Te | 035] [oss ore] —|.ooa 
Co ozs | [oa | coat} | ras 
Co firz[ [191 [socal [ies 


Number of Pins 
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ORDERING INFORMATION 


The following chapter deals with the procedure for Table 1. ROM Memory Map 
transfer customer codes to SGS- THOMSON. ST6294 (4K ROM Devices) 


Communication of the customer code. Cus- a 
tomer code is made up of the ROM contents and Device Address Description 


the list of the selected mask options. The ROM 


1 
contents are to be sent on one diskette with the 0000h-007Fh Reserved “ 
hexadecimal file generated by the development 0080h-OF 9Fh Eee on 
tool. All unused bytes must be set to FFh. planes | Mica 

; i - nterru eciors 
The selected mask options are communicated to OFF8h-OFFBh seh (1) 
SGS-THOMSON using the correctly filled OPTION OFFCh-OFFDh NMI Interrupt Vector 
LIST appended. OFFEh-OFFFh Reset Vector 
Listing Generation & Verification. When SGS- 
THOMSON receives the diskette. a computer list- Note 1. Reserved Areas should be filled with FFh 


ing is generated from it. This listing refers exactly to 
the mask that will be used to produce the micro- 
controller. Then the listing is returned to the cus- 
tomer that must thoroughly check, complete, sign 
and return it to SGS-THOMSON. The signed listing 
constitutes a part of the contractual agreement for 
the creation of the customer mask. 
SGS-THOMSON sales organization will provide 
detailed information on contractual points. 


ORDERING INFORMATION TABLE 


Sales Type ROM x8 Temperature Range 
ST6294B8/XXX 4K Bytes Lees -25 to + 85°C PDIP28 
ST6294M8/XXX -25 to +85°C PSO28 


Note: /XXX is a 2-3 alphanumeric character code added to the generic sales type on receipt of a ROM code and valid options. 
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ST6294 MICROCONTROLLER OPTION LIST 
Customer 
Address 


Contact 
Phone No 
Reference 


SGS-THOMSON Microelectronics references 


Device: 
[ ] ST6294 


Package: [ ] Dual in Line Plastic [ ] Small Outline Plastic 
In this case, select conditioning 


[ ] Standard (Stick) 
[ ] Tape & Reel 


Temperature Range: [ ]-25°C to + 85°C 


Special Marking: [ } No 
[ ] Yes 


Authorized characters are letters, digits, ’.’, -’, / and spaces only. 
Maximum character count is 10 char. for DIP packages 
and 8 char. for SO packages. 


PBO/PB1 Status during reset 

[ ] Input with pull-up [ ] High impedance 
PB2/PB3 Status during reset 

[ ] Input with pull-up [ ] High impedance 


Watchdog Selection: 
[ ] Hardware Activation [ ] Software Activation 
(no STOP mode) (STOP mode available) 


Signature 
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MICECELECTRONICS ST62E94, T94 
8-BIT EPROM HCMOS MCUs WITH 
A/D CONVERTER, EEPROM & AUTORELOAD TIMER 


PRELIMINARY DATA 


a 3.0 to 6.0V Supply Operating Range 

a 8 MHz Maximum Clock Frequency 

a -25 to +85°C Operating Temperature Range 
= Run, Wait & Stop Modes 

a 5 different interrupt vectors 

» Look-up table capability in ROM 

a User EPROM: 3868 bytes 


Data ROM: User selectable size 
(in program EPROM) 
Data RAM: 128 bytes 
EEPROM: 128 bytes 
a PDIP28, PSO28 (ST62T94) packages 
= CDIP28W (ST62E94) packages PDIP28 


a 21 fully software programmable I/O as: 
— Input with pull-up resistor 
— Input without Pull-up resistor 
— Input with interrupt generation 
— Open-drain or push-pull outputs 
— Analog Inputs 
a 8 I/O lines can sink up to 20mA for direct LED or 
TRIAC driving 


a 8 bit counter with a 7-bit programmable prescaler 
(Timer) 


a 8 bit Autoreload timer with 7-bit programmable 
prescaler (AR Timer) 


a Digital Watchdog EPROM PACKAGES 
a 8 bit A/D Converter with up to analog inputs 
a 
| 


(Ordering Information at the end of the datasheet) 


8 bit Synchronous Peripheral Interface (SPI) 
On-chip clock oscillator (Quartz or Ceramic) 
= Power-on Reset 
a Clock output 
=» 9 powerful addressing modes 


CDIP28W 


The ST62E94 is the EPROM version; ST62T94 is the 
OTP version; both are fully compatible with ST6294 
ROM version. 
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Figure 1. ST62E94/T94 Pin Configuration 
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PCO / Ain 

PC1 / TIM1 / Ain 
PC2 / Sin/ Ain 
PC3 / Sout / Ain 
PC4/ SCK/ Ain 
CKout 
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OSCout 
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PAT / Ain 
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Figure 2. ST62E94 Block Diagram 


TEST/V,, [] 


INTERRUPT 


DATA ROM 
USER 
SELECTABLE 


DATA RAM 
128 Bytes 
DATA EEPROM 
128 Bytes 


8 BIT CORE K_ 


POWER 
SUPPLY 


Yop Vg 5 


USER PROGRAM 
EPROM 
3884 Bytes 


OSCILLATOR 
+ 
DIVIDER 
ol 


OSCin OSCout 
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PAO..PA3 
PA4 PA7 / Ain * 


PBO .PB3 / 20mA SINK 

PB4. PBS / 20mA SINK 

PB6 / ARTIMin / 20mA SINK 
PB7 / ARTIMout / 20mA SINK 


co 


PCO / Ain * 

PC1/ TIM1 / Ain * 
PC2 / Sin/ Ain 
PC3 / Sout / Ain 
PC4 / SCK/ Ain 


= ee 


= AUTORELOAD 
TIMER 


SERIAL PERIPHERAL 
(—V|_ INTERFACE (SPI) 


«| DIGITAL WATCHDOG 


= 8 BIT 
A/D CONVERTER 


Ain = Analog Input 
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GENERAL DESCRIPTION 


The ST62E94,1T94 microcontrollers are members of 
the 8-bit HCMOS ST62xx family, a series of devices 
oriented to low-medium complexity applications. 


They are the EPROM and OTP versions of the 
ST6294 device. EPROM are suited for develop- 
ment. OTPs are suited for prototyping, preseries, 
jow to mid volume series and inventory optimiza- 
tion for customer having several applications using 
the same MCU. All ST62xx members are based on 
a building block approach: a common core is sur- 
rounded by a combination of on-chip peripherals 
(macrocells). 

The macrocells of the ST62E94, T94 are: the timer 
peripheral that includes an 8-bit counter with a 7-bit 
software programmable prescaler (Timer1), the 8- 
bit Auto-reload Timer with 7 bit programmable 
prescaler (AR Timer), the 8-bit A/D Converter with 
up to 13 analog inputs (A/D inputs are alternate 
functions of I/O pins), the Digital Watchdog (DWD) 
and an 8-bit Serial synchronous Peripheral Inter- 
face (SPI). In addition, these devices offer 128 
bytes of EEPROM for non volatile data storage. 
The ST62E94 ,T94 are a version of the ST62E65, 
T65 specifically tailored to be used in telephone set 
applications. The only difference is that a CKOUT 
pin is provided instead of the NMI input pin. 


PIN DESCRIPTION 


Vpp and Vss. Power is supplied to the MCU using 
these two pins. Vpp is power and Vss is the ground 
connection. 


OSCin and OSCout. These pins are internally 
connected with the on-chip oscillator circuit. A 
quartz crystal, a ceramic resonator or an external 
clock signal can be connected between these two 
pins in order to allow the correct operation of the 
MCU with various stability/cost trade-offs. The fre- 
quency at OSCin and OSCout is internally divided 
by 1, 2 or 4 by a software controlled divider.The 
OSCin pin is the input pin, the OSCout pin is the 
output pin. 

RESET. The active low RESET pin is used to re- 


start the microcontroller to the beginning of its pro- 
gram. 


TEST. The TEST must be held at VSS for normal 
operation (an internal pull-down resistor selects 
normal operating mode if TEST pin is not con- 
nected). 


CKOUT. This clock pin outputs the oscillator fre- 
quency divided by 2 (fosc/2). This function can be 
disabled by software to reduce power consump- 
tion. 
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PC1/TIM1/Ain. This pin can be used as a Port C 
I/O bit, as Timer 1 I/O pin or as analog input for the 
on-chip A/D converter. If programmed to be the 
Timer 1 pin, in input mode it is connected to the 
prescaler and acts as external timer clock or as 
control gate for the internal timer clock. In the out- 
put mode the timer pin outputs the data bit when a 
time out occurs. 

To use this pin as Timer 1 output a dedicated bit in 
the TIMER 1 Status/Control Register must be set. 
To use this pin as input pin the I/O pin has to be 
programmed as input. The analog mode should be 
programmed to use the line as an analog input. 


PB6/ARTIMin, PB7/ARTIMout. These pins are 
either Port B I/O bits or the Input and Output pins of 
the Auto-reload Timer. To be used as timer input 
function PB6 has to be programmed as input with 
or without pull-up. A dedicated bit in the AR TIMER 
Mode Control Register sets PB7 as timer output 
function. 


PAO-PA7. These 8 lines are organized as one I/O 
port (A). Each line may be configured under soft- 
ware control as input with or without internal pull- 
up resistor, interrupt generating input with pull-up 
resistor, analog input, open-drain or push-pull out- 
put. 


PBO-PB3, PB4, PB5. These 6 lines are organized 
as one I/O port (B). Each line may be configured 
under software control as input with or without in- 
ternal pull-up resistor, interrupt generating input 
with pull-up resistor, open-drain or push-pull out- 
put. In output mode these lines can also sink 20mA 
for direct LED and TRIAC driving. 


PCO-PC4. These 5 lines are organized as one I/O 
port (C). Each line may be configured under soft- 
ware control as input with or without internal pull- 
up resistor, interrupt generating input with pull-up 
resistor, analog input for the A/D converter, open- 
drain or push-pull output. PC2-PC4 can also be 
used as respectively Data in, Data out and Clock 
I/O pins for the on-chip SPI to carry the synchro- 
nous serial I/O signals. 


THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST6294 DEVICE FOR 
FURTHER DETAILS. 
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EPROM/OTP DESCRIPTION 


The ST62E94 is the EPROM version of the 
ST6294 product. It is intended for use during the 
development of an application and for pre-produc- 
tion and small volume production. ST62T94 OTP 
has the same characteristics. It includes EPROM 
memory instead of the ROM memory and so the 
program can be easily modified by the user with 
the ST62E6x EPROM programming tools from 
SGS-THOMSON. 


From a user point of view (with the following excep- 
tions) the ST62E94, T94 products have exactly the 
same software and hardware features as the ROM 
version. An additional mode is used to configure 
the part for programming of the EPROM, this is set 
by a +12.5V voltage applied to the TEST/Vpp pin. 
The programming of the ST62E94, 194 is de- 
scribed in the User Manual of the EPROM Pro- 
gramming Board. 

Note also the Low Voltage option of ROM devices 
can not be emulated on EPROM or OTP devices 


ROM Option Emulation 


The ROM mask options that can be selected by the 
user in the ROM devices can be selected on the 
EPROM/OTP devices by an EPROM CODE byte 
that can be programmed with the ST62E6x 
EPROM programming tools available from SGS- 
THOMSON. This EPROM CODE byte is automat- 
ically read, and the selected options enabled, 
when the chip reset is activated. 

The Option byte is written during programming 
either by using the PC menu (PC driven Mode) or 
automatically (stand-alone mode). 


EPROM Programming Mode 


An additional mode is used to configure the part for 
programming of the EPROM, this is set by a 12.5V 
voltage applied to the TEST/Vpp pin. The program- 
ming of the ST62E94, T94 is described in the User 
Manual of the EPROM Programming board. 


EPROM ERASING 


The EPROM of the windowed package of the 
ST62E94 may be erased by exposure to Ultra Vio- 
let light. 

The erasure characteristic of the ST62E94 is such 
that erasure begins when the memory is exposed 
to light with a wave lengths shorter than approxi- 
mately 4000A. It should be noted that sunlights 
and some types of fluorescent lamps have wave- 
lengths in the range 3000-4000A. It is thus recom- 
mended that the window of the ST62E94 packages 
be covered by an opaque label to prevent uninten- 
tional erasure problems when testing the application 
in such an environment. 
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The recommended erasure procedure of the 
ST62E94 EPROM is the exposure to short wave 
ultraviolet light which have a wave-length 2537A. 
The integrated dose (i.e. U.V. intensity x exposure 
time) for erasure should be a minimum of 15W- 
sec/cm*. The erasure time with this dosage is ap- 
proximately 15 to 20 minutes using an ultraviolet 
lamp with 12000n.W/cm? power rating. The 
ST62E94 should be placed within 2.5cm (1Inch) of 
the lamp tubes during erasure. 


Table 1. ST62E94/T94 OTP Memory Map 


User Program ROM 
3856 Bytes 


Device Address 
0000h-007Fh 


0080h-OF9Fh 


OFAOh-OFEFh 
OFFOh-OFF7h 
OFF8h-OFFBh 
OFFCh-OFFDh 
OFFEh-OFFFh 


Note. Reserved Areas should be filled with FFh 


Reserved 
Interrupt Vectors 
Reserved 

NMI Vector 

User Reset Vector 


Figure 3. EPROM Code Option Byte 


EPROM Code 
Option Byte 


ebb bb 


Reserved, write 0 


Reserved, write 0 

Reserved, write 0 

Watchdog Activation Selection 
PBO/1 at reset 

PB2/3 at reset 

Reserved, write 0 


D7-D6. These bits are not used. 

D5. This bit selects the configuration of the ports 
PB2 and PB during reset. If set to zero, PB2 and 
PBS are configured with pull-up during reset. If set 
to one, PB2 and PB3 are configured as high im- 
pedance ports. 


D4. Same as D5 for PBO and PB1. 


D3. This bit selects the on-chip Watchdog activa- 
tion. If cleared to zero this bit selects the software 
activation, if set to one, it selects the hardware ac- 
tivation option. 


D2-D0. Must be cleared to zero. 
D1. Must be set to zero. 


ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 


This product contains devices to protect the inputs 
against damage due to high static voltages, how- 
ever it is advised to take normal precaution to avoid 
application of any voltage higher than maximum 
rated voltages. 


For proper operation it is recommended that Vi and 
Vo must be higher than Vss and smaller Vpp. Reli- 
ability is enhanced if unused inputs are connected 
to an appropriated logic voltage level (Vpp or Vss). 


Total Current out of Vss (sink) 


Junction Temperature 


Storage Temperature 


| symbol | Parameter | Value | Unt 
2 Supply Voltage -0.3 to 7.0 a 
Input Voltage Vsg - 0.3 to Vop + 0.3" 


linu- Pin Injection current (negative), All I/O, VDD = 4.5V 
Total Current into Vpp (source) 
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Power Considerations. The average chip-junc- 
tion temperature, Tj, in Celsius can be obtained 
from: 


Tj = Ta + PD x RthJA 
Where :Ta = Ambient Temperature. 


RthJA = Package thermal resistance 
(junction-to ambient). 


PD = Pint + Pport. 
Pint= —_Ipp x Vpp (chip internal power). 
Pport= Port power dissipation 


(determinated by the user). 


- Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device This is a stress rating only 
and functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods 


may affect device reliability. 


- (1) Within these limits, clamping diodes are guarantee to be not conductive. Voltages outside these limits are authorised as long as 


injection current is kept within the specification 


THERMAL CHARACTERISTIC 


Test Conditions 


con [| dL | 
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RECOMMENDED OPERATING CONDITIONS 


8 Suffix Version = 85 


fosc= 4MHz 
fint = 4MHz 


fosc = 8MHz 
finr = 8MHz 


memalfrequency® | Yoo at ; : 


Pin Injection Current (positive) 
Digital Input Vpp = 4.5 to 5.5V 
Analog Inputs) 


Operating Supply Voltage 


Pin Nnjeeton: ete (negative) 
Digital Input Vpp = 4.5 to 5.5V 
Analog Inputs 


Notes : 


1 Accurrent of + 5mA can be forced on each pin of the digital section without affecting the functional behaviour of the device. For a positive 
current injected into one pin, a part of this current (~ 10%) can be expected to flow from the neighbouring pins 


2 ‘If atotal current of +1 mA Is flowing into the single analog channel or if the total current flowing into ail the analog inputs Is of 1mA, all the 
resulting conversions are shifted by +1 LSB If a total positive current Is flowing into the single analog channel or if the total current 
flowing into all the analog inputs is of 5mA, all the resulting conversions are shifted by +2 LSB. 


3. Anoscillator frequency above 1MHz Is recommended for reliable A/D results. 


Maximum Operating FREQUENCY (Fmax) Versus SUPPLY VOLTAGE (V,,) 


Maximum FREQUENCY (MHz ) 


4 4.5 5 


SUPPLY VOLTAGE ( V,, ) VROA1807 


The shaded area is outside the device operating range, device functionality is not guaranteed. 
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DC ELECTRICAL CHARACTERISTICS 
(Ta = -25 to +85°C unless otherwise specified) 


| Min | typ | Max 
Input Low Level Voltage 


Input High Level 
Voltage 
All inputs 


lo. = 10n/A, All I/O pins 


CKOUT 
Low Level Output 
Voltage lo. = 5.0mA, Byles ie) 


lo. = 10mA, Port B 
lo. = 20mA, Port B 


Vpp=5V 
loH = -10HA 

loH= -5.0MA 

lon = -1.5mMA, Vpp=3V 


High Level Output 
Voltage 


Input Pull-up eure 


i a) | Vin=Vss 
Input Leakage Current VineVes 


VreseT=Vss,fosc=4M Hz 
Vop<3.8V 
Vpp<6.0V 


Vpp=6.0V, finr=8MHz 
All peripherals on “ mA 
Vop=3.8V, finr=4MHz 


Vpp=3.8V, fint=1MHz 
fosc=4MHz 
Peripherals disabled 


Supply Current in 
RESET Mode 


Supply Current in 
RUN Mode 


Vpp=6.0V, fint=8MHz 
Peripherals disabled (3) 
Vpp=3.8V, fint=4MHz 

Peripherals disabled °) 


Supply Current in : 
Notes : 


1 A/D Converter running, EEPROM enabled, Timer 1 and AR Timer running; CKOUTpin enabled When the EEPROM 1s tn write cycle, an 
additional 300A must be added to IDDmax 

2 A/DConverter in Stand-by; EEPROM in Stand-by, CKOUT pin disabled 

3 A/D Converter in Stand-by; EEPROM in Stand-by; CKOUT pin disabled; Timer 1 and AR Timer stopped 

4 Hysteresis voltage between switching levels 


Supply Current in 
WAIT Mode ") 
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AC ELECTRICAL CHARACTERISTICS 
(Ta = -25 to +85°C unless otherwise specified) 


Symbol Parameter Test Conditions 
in [a [me 
= n 


S 


Port A, B, C, CKOUT 
Low to High Transition Time CL=100pF po] 


tsu Oscillator Start-up Time Ci1 = Cio = 22pF fs] ey 
Vop=5V ie 
Supply RecoveryTime || tm | 


T Minimum Pulse Width (Vpp = 5V) 100 
we RESET pin, NMI pin 100 


Note: 
1 Period for which VDD has to be connected at OV to allow tnternal Reset function at next power-up. 
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VO PORT CHARACTERISTICS 
(Ta = -25 to +85°C unless otherwise specified) 


Parameter Test Conditions 
min. | Typ. | Max. | 


Input Low Level Voltage I/O Pins =e Es 
V 


Vop= 5 OV 

loc= 10HA , All /O Pins, CKOUT 
lo.= 5mA . Standard 1/0, CKOUT 
lo.-= 10mA , Port B 

lo.= 20mA , PortB 


lon= — 10NA 
High Level Output Voltage loH= — 5MA, Vpp= 5.0V 
lon= — 1.5MA, Vop= 3.0V 


Vin= Vpp or Vss 
Vpp= 3.0V 
Vpp= 5 5V 


Pull-up Resistor Vin= OV; All I/O Pins exci ES 


Input Leakage Current 
I/O Pins (pull-up resistor off) 


SP! CHARACTERISTICS 
(Ta = -25 to +85°C unless otherwise specified) 


Value 


[tam | tye. | mex. | 
ee el es ie ae is ee 
520 ee Es ee ee 

| ty | Data hold [DataholdtimeonSin on Sin ee 


Note : 


1. Minimum time’ Ous 
Maximum time. 1 instruction cycle 


Symbol Parameter Test Conditions 
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TIMER1 CHARACTERISTICS 
(Ta = -25 to +85°C unless otherwise specified) 


min, | 
ee ee 
Pe ference | 


AR TIMER CHARACTERISTICS 
(Ta = -25 to +85°C unless otherwise specified) 


fint 


STOP Mode 2 MHz 


Test Conditions 


Input Frequency on 
ARTIMin pin RUN and WAIT Modes int 


Pulse Width at Vpp = 3.0V 125 
ARTIMin Pin Vpp 24.5V 125 
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A/D CONVERTER CHARACTERISTICS 
(Ta= -25 to +85°C unless otherwise specified) 


oe 
(1) fosc > 1.2MHz 
Total Accuracy fosc > 32kHz 


Conversion result when 

ZIR Zero Input Reading Vin = Veg 
Conversion result when 

SR Full Scale Reading inte Ves 


F 


Analog Source Impedance 
Analog Reference Supply Impedence 


1 Noise at VDD, VSS <10mV 

2 With oscillator frequencies less than 1MHz, the A/D Converter accuracy is decreased. 

3. Excluding Pad Capacitance 

4. ASI can be increased as long as the load of the A/D Converter input capacitor is ensured before conversion start 
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PACKAGE MECHANICAL DATA 


Figure 4. 28-Lead Frit Seal Ceramic Dual in Line Package, 600-Mil Widht 


| mm | inches 
ame py ie ne 
a 
Ar foso| {178 {oozo| [0070 
|B [oa] oss loos] | 0.022 
Bi [ii] [142] 046 | | 056 | 
| c [oz] {03 joo!  [ooi2 
Ee EE) 


| Di |is2{ | 249| o6o| | 098 | 
bie 


Ses eres 

Et [1305] [4336] 514] | 526 | 

pt [300] {fie} | 

et [220] | 279 |o090| _fo110 

| @ [ess] | 736] 270{ | 290, 

|| NumberofPins 

VROBI 725 PN PO 


ORDERING INFORMATION 


ORDERING INFORMATION TABLE 
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8-BIT HCMOS MCUs WITH 16K ROM 
AND WAKE-UP FUNCTION 


PRELIMINARY DATA 


a 3 to 5.5V supply operating range 
a 8MHz Maximum Clock Frequency 
a Fully static operation 


a 0 to +70°C Operating Temperature Range 


Run, Wait, Stop and RAM Retention Modes 
a User ROM: 16K bytes 


a Data RAM: 256 bytes 


28 pin Dual In Line and SO plastic packages 


a 19 bidirectional I/O lines 


8 lines programmable as interrupt wake-up 
inputs 


16-bit timer with one output compare (without 
output pin). 


Interrupt Wake-up function (Ordering Information at the end of the datasheet) 


Low voltage detector 


PIN DESCRIPTION 
a Master Reset and power on reset 
es Full Hardware Emulator 1 OSCin 
2 OSCout 
a 8-bit data manipulation 3 PC1 
. 4 PC6 
a 74 basic instructions 5 PC7 
' , 6 Vss 
= 10 main addressing modes 7 TEST 
ee : 8 NC 
a 8x8 unsigned multiply instruction ae 
s True bit manipulation 10 PB6 
11 PB5 
» Complete development support on real time 12 PB4 
emulator with PC/DOS 13 PB3 
14 PB2 
» Full software package (Cross Assembler, ganeiede 
debugger) 
November 1993 1/37 
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1 GENERAL DESCRIPTION 


1.1 INTRODUCTION 


The ST7291 is a HCMOS microcontroller unit 
(MCU) from the ST72 family. It is based around 
an industry standard 8 bit core and offers an en- 
hanced instruction set. The processor runs with 
an external clock at 8 MHz with a 5V supply and 
4MHz with a 3.3V supply. Due to the fully static 
design of this device, operation down to DC is 
possible. Under software control the ST7291 can 
be placed in WAIT or HALT mode thus reducing 


Figure 1. ST7291 Block Diagram 
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power consumption. The enhanced instruction set 
and addressing modes afford real programming 
potential. In addition to standard 8 bit data man- 
agement the ST7291 features true bit manipula- 
tion, 8x8 unsigned multiplication and indirect 
addressing modes. Thedevice includes an on-chip 
oscillator, CPU, ROM, RAM, I/O, one timer with 
one output compare system, and a low voltage de- 
tector. 


PAO-PA7 (8 Bit) 


¢—\| PORTA 


‘| PORTB 
VY!  poRTC 


yu TIMER 
SYSTEM 


PBO-PB7 (8 Bit) 


|) PC1,PC6,PC7 (3 Bit) 


LOW VOLTAGE 
DETECTOR 


The TEST Input Pin Must Be Connected 


To V,, For User Application. 
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1.2 PIN DESCRIPTION 


Vpp. Single power supply voltage 3 to 5.5 volts. 
Vss. Ground 


OSCin, OSCout. Oscillator input and output pins. 
These pins are to be connected to a parallel reso- 
nant crystal or ceramic resonator. An external 
clock source can also be input through OSCin. 


RESET. The active low input signal forces the in- 
itialization of the MCU. This event is the first priority 
interrupt. 


WKP is the external, software maskable inter- 
ruptsignal. This I/O pin may be connected to the 
PORT B through 30kQ resistor, enabling the wake- 
up function of PORT B. 


Table 1. ST7291 Pin Configuration 


Voo 


PAG 
PAS 
PA4 
PA3 
PA2 
PAt 
NC 

PAO 
PBO 
PBI 
PB2 
PB3 
PB4 
PB6 
PB7 
NC 


Vss_. 
PC7 
PC6 
PG1 


| Function | Description |i Assignment _| 

pt Powersuppy | 
pReseT, Tt SET 

| VO | Wake-up interruptSignl =| 
[vo +d StandaraPotSSC~=“~*~*~“‘“s*é~SC“‘CSSCSC*” 
pas | VO Standard Pot S| CY 
| WO StandardPot | 
pO StandardPot | 
| WO StandardPon | tT 
De ae ae ee ls 
Standard Port (with Wake-up Interrupt Signal) a ae 
Standard Port (with Wake-up Interrupt Signal) 
/PBs (aktCiT iY Standard Port (with Wake-up Interrupt Signal) 
Ppa | VO _| Standard Port (with Wake-up Interrupt Signal) | 17, 
fPppBs kti‘iQl Standard Port (with Wake-up Interrupt Signal) 
Tres ———~«| YO | Standard Port (with Wake-up Interrupt Signal) 
i yO 
NG ene 


17 
ae ee 
| WO _| Standard Port (with Wake-up interrupt Signal) | 20 
ae ee eee ee 
MEST ec | Woetinput 
vss | Ground 
pom | VO StandardPot 
pce] Oi StandartPot 
por | | StandartPon | 
PO Oscttator 
ptf Oscttator 
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PAO-PA7, PB0O-PB7, PC1, PC6, PC7. These 19 
lines are standard I/O lines, programmable as 
either input or output. 


- PORT A 8 Standard 1/O lines accessed 
through DDRA and DRA Registers. . 


- PORT B. 8 Standard I/O lines accessed 
through DDRB and DRB Registers. According 
to the state of the WFD control bit, the 8 PORT 
B bits are 8 Standard I/O port or pull-up bits, 
with a wake-up interrupt function. 


- PORT C. 3 Standard I/O lines accessed 
through DDRC and DRC Registers (PC1, PC6 
and PC7). 


TEST. Input test pin. In the user mode, this pin 
must be connected to Vss. 
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1.3 CENTRAL PROCESSING UNIT 


1.3.1 Introduction 


The CPU has a full 8-bit architecture. Six internal 
registers allow efficient 8-bit data manipulations. 
The CPU is able to execute 74 basic instructions. It 
features 10 main addressing modes. It is able to 
address 16384 bytes of memory and registers with 
its program counter. 


1.3.2 CPU Registers 


The 6 CPU registers are shown in the program- 
ming model in Figure 2. Following an interrupt, the 
registers are pushed onto the stack in the order 
shown in Figure 3. They are popped from stack in 
the reverse order. The Y register is not affected by 
these automatic procedures. The interrupt routine 
must therefore handle it, if needed, through the 
POP and PUSH instructions. 


Accumulator (A). The accumulator is an 8-bit 
general purpose register used to hold operands 
and the results of the arithmetic and logic calcula- 
tions as well as data manipulations. 


Figure 2. Programming Model 


ACCUMULATOR: 


X INDEX REGISTER. 


Y INDEX REGISTER. 


RESET VALUES: 


Index Registers (X and Y). These 8-bit registers 
are used to create effective addresses or as tem- 
porary storage area for data manipulations. The 
cross assembler generates a PRECEDE instruc- 
tion (PRE) to indicate that the following instruction 
refers to the Y register. The Y register is never 
automatically stacked. Interrupt routines must 
push or pop it by using the POP and PUSH instruc- 
tions. 


Program Counter (PC). The program counter is a 
16-bit register containing the address of the next 
instruction to be executed by the CPU. In the 
ST7291, only the 14 low order bits are used, bits 14 
and 15 are forced to “OQ”. 


Stack Pointer (SP). The stack pointer is a 16-bit 
register. The 6 least significant bits contain the ad- 
dress of the next free location of the stack. The 10 
most significant bits are forced as indicated in Figure 2. 
They are reserved for future extension of ST72 
family. 


RESET VALUES. 
X X X X X X XK X 


7 0 


fe a 


RESET VALUES: 
X X X X KX K X X 


7 0 


ba | 


RESET VALUES: 
X X KX KX X KX X X 


RESET VECTOR (3FFEh:3FFFh) 


15 7 0 
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CENTRAL PROCESSING UNIT (Continued) 


The stack is used to save the CPU context on sub- 
routines calls or interrupts. The user can also di- 
rectly use it through the POP and PUSH 
instructions. 


After a MCU reset or after the reset stack pointer 
instruction (RSP), the stack pointer is set to its up- 
per value (OFFh). It is then decremented after data 
has been pushed onto the stack and incremented 
after data is popped from the stack. When the 
lower limit is exceeded, the stack pointer wraps 
around to the stack upper limit. The previously 
stored information is then over written and there- 
fore lost. 


A subroutine call occupies two locations and an in- 
terrupt five locations. 


1.3.3 Condition Code Register (CC). 


The condition code register is a 5 bit register which 
indicates the result of the instruction just executed 
as well as the state of the processor. These bits 
can be individually tested by a program and speci- 
fied action taken as a result of their state. The fol- 
lowing paragraphs describe each bit. 


Figure 3. Stacking Order 


7 0 


INCREASING 
MEMORY 


RETURN 


ADDRESSES 


UNSTACK 
(POP) 
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Half carry bit (H). The H bit is set to 1 when acarry 
occurs between the bits 3 and 4 of the ALU during 
an ADD or ADC instruction. The H bit is useful in 
BCD arithmetic subroutines. 


Interrupt mask (I). When the | bit is set to 1, all in- 
terrupts are disabled. Clearing this bit enables 
them. Interrupts requested while | is set are latched 
and can be processed when | is cleared (only one 
interrupt request per interrupt enable flag can be 
latched). 


Negative (N). When set to 1, this bit indicates that 
the result of the last arithmetic, logical or data ma- 
nipulation is negative (i.e. the most significant bit is 
a logic 1). 


Zero (Z). When set to 1, this bit indicates that the 
result of the last arithmetic, logical or data manipu- 
lation is zero. 


Carry/Borrow (C). When set, C indicates that a 
carry or borrow out of the ALU occurred during the 
last arithmetic operation. This bit is also affected 
during bit test, branch, shift and rotate instructions. 


STACK 
(PUSH) 


DECREASING 
MEMORY 
ADDRESSES 


INTERRUPT 


VR000074 
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1.4 MEMORY MAP 


As shown in Figure 4, the MCU is capable of ad- 
dressing 16384 bytes of memory and I/O registers. 
In the ST7291, 16144 of these bytes are user ac- 
cessible. 


The locations consist of 32 bytes of I/O registers, 
256 bytes of RAM and 15840 Kbytes of user ROM. 
The RAM space includes 64 bytes for the stack 


Figure 4. Memory Map 


goenn VO and REGISTERS 
001Fh Bytes 


0020h 
48 Bytes USER ROM (RAMO=0) 


oo4Fh| 48 Bytes USER RAM (RAMO=1) 
0050h 
RAM 


176 Bytes 


00COh 71 
(STACK) 


OOFFh eee 


011Fh 
0120h 


TIMER 
8 Bytes 


15840 Bytes USER ROM 


RESERVED 
240 Bytes 


RESET 


06h | PORT C DATA DIRECTION REGISTER _| 06 

NOUN, = Sec 2 eee A ee ee Ot 

OOBFh 08h | MISCELLANEOUS REGISTER 08 
RESERVED 


from OOCOh to OOFFh. Programs that only use a 
small part of the allocated stack locations for inter- 
rupts and/or subroutine stacking purpose can use 
the remaining bytes as standard RAM locations. 


The highest address bytes contains the user de- 
fined reset and interrupt vectors. 


00h | PORT A DATA REGISTER 00 


01h | PORT B DATA REGISTER/INTERRUPTS | 01 


02h [PORT C DATA REGISTER 02 
ae Ne 


03h 03 


04h | PORT A DATA DIRECTION REGISTER 04 
1 Byte 


‘sO5h PORT B DATA DIRECTION REGISTER 05 


09h 09 
OAh 10 
OBh 11 
12 

RESERVED 13 

14 

15 

16 

17 


12h| TIMER CONTROL REGISTER 18 
13h} TIMER STATUS REGISTER 19 


RESERVED 14h 


\ 

| 15h 

\ 46h 20 
\17h 23 
4h 24 
19h 25 
1Ah 26 
1B 27 
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1.5 LOW VOLTAGE DETECTOR 


The low voltage detector circuitry forces to one level 
the flag LVDF in the MISCELLANEOUS Register 
and generates an interrupt request if the bit LVDIE in 
the MISCELLANEOUS Register is high when the 
power supply falls below 3.5V (Typical case). 


The flag LVDF and the interrupt request are direc- 
tely the result of the low voltage detector and they 
are not resettable by software condition. As long as 
the power supply remains lower than 3.5 volts the 
flag is forced to one level and the interrupt request 
is activated by the detector (if LVDIE=1). 


The low voltage detector has a static power consump- 
tion less than 0.1 mA typical for a 5 volts power supply. 
It can be disabled putting the LVDON control bit in the 
MISCELLANEOUS Register to low level; in this case 
the flag LVDF is forced to zero and the detector is dis- 
abled in order to eliminate the static consumption. 


The starting time of the LVD is lower than 5s. It 
means that the flag LVDF is undetermined during 
Sus after putting the bit LVDON to high. 


Low Voltage Detector During low power modes 


The HALT instruction disables the low voltage de- 
tector in order to suppress any static current. 


The flag LVDF is forced to zero during the HALT 
mode. 


lf the micro is waked up by the key board interrupt, the 
starting address of the subroutine program will be 
3FFAh-3FFBh even if the interrupt request of the LVD 
is activated. if the user wants to have a higher priority 
for the interrupt request of the LVD he can do that put- 
ting a RIM (Reset Interrupt Mask) instruction at the be- 
ginning of the key board subroutine. In this case the 
program counter will jump to the starting address 
3FF6h-3FF7h just after the RIM instruction to execute 
the LVD subroutine instead of the wake-up subroutine. 
At the end of the LVD subroutine the software will con- 
tinue to execute the wake-up subroutine. 


The wait instruction has no effect on the low volt- 
age detector. 


Figure 5. Block Diagram 


IT LVD 
(3FF6h—3FF 7h) 


Main Power 
Supply (Vpp) 


internal Voltage 
Reference 
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1.6 MISCELLANEOUS REGISTER (08h) 


Read/Write 
Reset Value: 0000 0010 (02h) 


7 0 
rave [rar] « [ove on] woe wr [wo 


Bit 7 = RAMO Random Access Memory Conirol Bit 0 
RAMO = 0 Maps 48 Bytes of ROM into page zero 
from 0020h to 004Fh. 
RAMO = 1 Maps 48 Bytes of RAM into page zero 
from 0020h to 004Fh. 


Bit 6 = RAM1 Random Access Memory Control Bit 1 
RAM1 = 0 Maps 32 Bytes of ROM into page one 
from 0100h to 011Fh. 
RAM1 = 1 Maps 32 Bytes of RAM into page one 
from 0100h to 011Fh. 


Bit 5 = Unused 


Bit 4 = LVDIE Low Voltage Interrupt Enable 
LVDIE = 0 Disables the Interrupt Request of the LVD. 
LVDIE = 1 Enables the Interrupt Request of the LVD. 


Bit 3 = LVDON Low Voltage Detector Enable 
LVDON = 0 Disables the Low Voltage Detector (no 
static power consumption). LVDF is forced to low 
level. 

LVDON = 1 Enables the Low Voltage Detector. 


Bit 2 = LVDF Low Voltage Detector Flag 

LVDF is set by the LVD when the main power sup- 
ply (Vpp) is lower than 3.5V if the LVDON control 
bit is high. This flag is always forced to low when 
the bit LVDON is written to 0. 


Bit 1 = INT /nterrupt Request 

INT = 0 Selects the edge only option. 

INT = 1 Selects the edge and level option. 

The INT bit can only be written once after RESET. 


Bit 0 = WFD Wake-up Feature Disable 

WFD = 0 Enables the Wake-up function on Port B. 
WFD = 1 Disables the Wake-up function on Port B. 
All resistors of the Port B are disconnected from 
the WKP pad. 
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1.7 CLOCK SYSTEM 


General Description 


The MCU accepts either a Crystal/Ceramic resonator 
or an external clock to provide the internal oscillator. 
The internal clock (fop) is derived by a divide-by-2 from 
the external oscillator frequency (fosc). 


Crystal .The internal oscillator is designed to interface 
with an AT-cut parallel resonant quartz crystal resona- 
tor in the frequency range specified for fosc. The circuit 
shown on Figure 7 is recommended when using a 
crystal. The table lists the recommended capacitance 
and feedback resistance values. 


Use of an external CMOS oscillator is recommended 
when crystals outside the specified ranges are to be 
used. The crystal and components should be 
mounted as close as possible to the input pins to 
minimize output distortion and startup stabilization 
time. 


Ceramic Resonator. A ceramic resonator may be 
used in place of the crystal in low cost applications. The 
circuit on Figure 7 is recommended when using a ce- 
ramic resonator. The table lists the recommended ca- 
pacitance and feedback resistance values. The 
manufacturer of the particular ceramic resonator being 
considered should be consulted for specific informa- 
tion. 


External Clock. An external clock should be applied 
to the OSCin input with the OSCout pin not connected, 
as shown on Figure 8. The toxov and tiLcH specifica- 
tions do not apply when using an external clock input. 
The equivalent specification of the external clock 
source should be used instead of toxov Or tiLCH. 


Figure 8. External Clock Source Connections 


OSCout 


VAOOA15 


Figure 6. Equivalent Crystal Circuit 


OSCout 


VAO0101 


Figure 7. Crystal/Ceramic Resonator 
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1.8 RESETS AND INTERRUPTS 


Resets are used to provide an orderly software 
startup procedure or to quit low power modes. 


Two reset modes are provided: a power-on reset 
and an external reset at pin RESET. 


A summary of the effects of both reset modes on 
the different sections of the MCU is given in Table 
3. For further information, please refer to the part 
describing the particular section. 


1.8.1 External Reset 


The external reset is an active low input signal ap- 
plied to the RESET pin of the MCU. 


As shown in Figure 9, the RESET signal must stay 
low for a minimum of one and a half CPU clock cy- 
cles. A reset causes the reset vector to be fetched 
at addresses 3FFEh and 3FFFh in order to be 
loaded into the PC. 


An internal Schmitt trigger at pin RESET improves 
noise immunity. 


$T7291 


1.8.2 Power-on Reset (POR) 


The power-on reset (POR) is generated upon de- 
tection of a positive transition on VDD (refer to Figure 9). 
It causes the reset vector to be fetched at ad- 
dresses 3FFEh and 3FFFh in order to be loaded 
into the PC. 


An internal circuitry provides a 4096 CPU clock cy- 
cle delay from the time the oscillator becomes ac- 
tive. At the end of the power-on reset, the MCU can 
be maintained in the reset condition by the external 
reset. The RESET pin can therefore be used to en- 
sure Vpp has risen to a point where the MCU can 
properly operate before running the MCU program. 


The power-on reset is strictly used for power up 
conditions and should not be used to detect any 
drop in the power supply voltage. There is no pro- 
vision for a power-down reset. 


Table 3. List of sections affected by RESET Power-on Reset (POR), WAIT and HALT 


Timer Prescaler reset to zero 

Timer Counter set to FFFCh 

All Timer enable bit set to 0 (disable) 

Data Direction Registers set to 0 (as Inputs) 
Set Stack Pointer to OOFFh 


Force Internal Address Bus to restart vector 3FFEh, 3FFFh 
Set Interrupt Mask Bit (I-Bit, CCR) to 1 (Interrupt Disable) 
Set Interrupt Mask Bit (I-Bit, CCR) to 0 (Interrupt Enable) 
Reset HALT Latch 

Reset INT Latch 

Reset WAIT Latch 

Disable fop Clock (for 4096 cycles) 

Set CPU Clock to 0 

Set Timer Clock to 0 
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RESET AND INTERRUPTS (Continued) 


1.8.3 Interrupts 

The ST7291 may be interrupted by one of five dif- 
ferent methods: the three maskable hardware in- 
terrupts (WKP, TIMER and LVD) and the 
non-maskable software interrupt (TRAP). The In- 
terrupt processing flowchart is shown in Figure 10. 
The maskable interrupts must be enabled in order 
to be serviced. However, disabled interrupts can 


Figure 9. Reset Timing Diagram 


ee 
I 
| 


be latched and processed when they are enabled. 
When an interrupt has to be serviced, the PC, X, A 
and CC registers are saved into the stack and the 
interrupt mask (I bit of the Condition Code Regis- 
ter) is set to prevent additional interrupts. The Y 
register is not automatically saved. The stack order 
is shown on Figure 3. 


PC UNKNOWN XK so 3FFE | X3FFFX oa e 
| 
I 
| 
| 
| 
CPU RESET 7777) | | 
| 
I 
I 
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RESET AND INTERRUPTS (Continued) 


Figure 10. Interrupt Processing Flow-Chart 
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RESET AND INTERRUPTS (Continued) 


The PC is then loaded with the interrupt vector of 
the interrupt to service and the interrupt service 
routine runs (refer to Table 4 for vector addresses). 
It should finish by the IRET instruction which 
causes the contents of the registers to be recov- 
ered from the stack and normal processing to re- 
sume. Note that the | bit is then cleared if and only 
if the corresponding bit stored in the stack is zero. 


Though many interrupts can be simultaneously 
pending, a priority order is defined (see Table 2). 
The RESET pin has the highest priority. Then, if 
the | bit is low, the decreasing priority order is 
TRAP, WKP, timer and LVD. If the | bit is set, TRAP 
is the only enabled interrupt. 


Interrupts allow the processor to leave low power 
modes. Refer to LOW POWER MODES for further 
information. 


Software Interrupt. The software interrupt is the 
TRAP executable instruction. The interrupt is rec- 
ognized when the TRAP instruction is executed, 
regardless to the | bit state. When the interrupt is 
recognized, it is serviced according to the flowchart 
on Figure 10. 


External Interrupt. The external interrupt is gener- 
ated through the WKP pin. The interrupt is enabled 
if the | bit of the CCR is cleared. An internal 
Schmidt trigger at pin WKP improves noise immu- 
nity. 

The INT bit of the Miscellaneous Register (08h) al- 
lows selection of the interrupt triggering mode 
among the 2 available ones. Refer to Table 5 for 
the triggering mode coding. 


When an enabled interrupt occurs, normal proc- 
essing is suspended at the end of the current in- 
struction execution. It is then processed according 
to the flowchart on Figure 10. 


If the interrupt is disabled (| high), the triggering 
edge of the WKP line is internally latched and the 
interrupt remains pending to be processed as soon 
as the interrupt is enabled (the low level sensitive 
interrupt is not latched and can therefore not re- 
main pending). This internal latch is cleared in the 
first part of the service routine. Therefore, one, and 


one only, external interrupt can be latched and 
serviced as soon as enabled. 


Figure 11 shows the mode timing diagram for the 
interrupt line. Two methods are described. The first 
method shows single pulses on the interrupt line 
spaced far enough apart to be serviced. The mini- 
mum time between pulses is a function of the num- 
ber of cycles required to execute the interrupt 
service routine plus 21 cycles. Once a pulse oc- 
curs, the next pulse should not occur until the MCU 
software has exited the routine (an IRET instruc- 
tion occurs). 


The second configuration shows several interrupt 
lines “wire-ORed” to form the interrupts at the proc- 
essor. Thus, if after servicing one interrupt the in- 
terrupt line remains low, then the next interrupt is 
recognized. 


Timer Interrupt. Two different timer interrupt flags 
are able to cause a timer interrupt when they are 
active if both the | bit of the CCR is reset and if the 
corresponding enable bit is set. If either of these 
conditions is false, the interrupt is latched and thus 
remains pending. 


The interrupt flags are located in the Timer Status 
Register (0013h). The Enable bit are in the Timer 
Control Register (001 2h). 


When an enabled interrupt occurs, normal proc- 
essing is suspended at the end of the current in- 
struction execution. it is then serviced according to 
the flowchart on Figure 10. Software in the timer 
service routine must determine the priority and 
cause of the timer interrupt by examining the inter- 
rupt flags and the status bits located in the TSR. 


The general sequence for clearing an interrupt is 
an access to the status register while the flag is set 
followed by a read or write of an associated regis- 
ter. Note that the clearing sequence resets the in- 
ternal latch. A pending interrupt (i.e. waiting for 
being enabled) will therefore be lost if the clear se- 
quence is executed. 


Refer to 16 BIT TIMER for further information. 
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RESET AND INTERRUPTS (Continued) 


Table 4. Interrupt and Reset priorities 


Vector Address | Interrupt Source | CPU Interrupt Masked by 


SFFEh,3FFFh 
3FFCh,3FFDh 
SFFAh,3FFBh 
SFF8h,3FF9h 
SFF6h,3FF7h 
SFF4h,3FF5h 
SFF2h,3FF3h 


RESET and POWER-ON (POR) 
SOFTWARE Interrupt (TRAP) 
EXTERNAL Interrupt (WKP) 
TIMER (OCF/TOF) 
MISCELLANEOUS 

Unused 

Unused 

Unused 


Highest 


Lowest 


SFFOh,3FF1h 


Table 5. External Interrupt 


Falling edge only 
i Falling edge and low level 


Figure 11. Timing Diagram for Interrupt Line 
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1.9 LOW POWER MODES 


Table 1 gives a list of the different sections affected 
by the low power modes. For detailed information 
on a particular devices, please refer to the corre- 
sponding parts. 


HALT Mode. The HALT mode is the MCU lowest 
power consumption mode. The HALT mode is en- 
tered by executing the HALT instruction. The inter- 
nal oscillator is then turned off, causing all internal 
processing to be stopped, including the operation 
of the on-chip peripherals. 


When entering the HALT mode, the | bit in the Con- 
dition Code Register is cleared. Thus, the external 


Figure 12. HALT Function Flow Chart 
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interrupts are allowed and the MCU is placed at its 
nominal speed (see CLOCK SYSTEM). All other 
registers and memory remain unaltered and ail I/O 
lines remain unchanged. 


The MCU can exit the HALT mode upon reception 
of either an external interrupt or PORTB or a 
power-on or external reset. The oscillator is then 
turned on and a stabilization time is provided be- 
fore releasing CPU operation. The stabilization 
time is 4096 CPU clock cycles. 


After the start up delay, the CPU continues opera- 
tion by servicing the interrupt which wakes it up or 
by fetching the reset vector if a reset wakes it up. 


Figure 13. WAIT Flow Chart 
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LOW POWER MODES (Continued) 


WAIT Mode. This mode is a low power consump- 
tion mode, but the power consumption is higher 
than in the HALT mode. 


The WEI instruction places the MCU in the WAIT 
mode. 


In the WAIT mode, the internal clock remains ac- 
tive but all CPU processing is stopped. 


During the WAIT mode, the | bit in the condition 
code register is cleared to enable all interrupts. All 
other registers and memory remain unaltered and 
all parallel I/O lines remain unchanged. 


ST7291 


An interrupt or a reset causes the MCU to exit the 
WAIT mode. An interrupt while the MCU is in the 
WAIT mode causes the corresponding interrupt 
vector to be fetched, the interrupt routine to be exe- 
cuted and normal processing to resume. A reset 
causes the program counter to fetch the reset vec- 
tor and processing starts as for a normal reset. 


DATA RETENTION Mode. The contents of RAM 
and CPU registers are retained at supply voltage 
as low as 2.0V. This is referred to as the data reten- 
tion mode, where the data is held, but the device is 
not guaranteed to operate. 
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2 FUNCTIONS DESCRIPTION 


2.1 (0 PORTS PROGRAMMING 


2.1.1 Functional Description 

Ports A, B are 8-bit I/O ports, port C is a 3-bit I/O 
port. Each of their pins can be individually config- 
ured under software control as either input or out- 
put. 

Each bit of any DDR corresponds to an I/O pin of 
the associated port. A bit must be set to configure 
its associated pin as output and must be cleared to 
configure its associated pin as input. The Data Di- 
rection Registers can be written or read. 

The typical I/O circuit is shown on Figure 14. Any 
write to an I/O port updates the port output register 
even if it is configured as input. Any read of an I/O 


Figure 14. I/O Pin Port A, Port C Typical Circuit 


DATA DIRECTION 
REGISTER 
BIT 


LATCHED 


OUTPUT DATA 
CONNECTIONS BIT 


INTERNAL 


TYPICAL PORT 
DATA DIRECTION 
REGISTER 


7 
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TYPICAL PORT 
REGISTER 
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port returns either the data latched in the port out- 
put register (output configured pins) or the value at 
the I/O pin (input configured pins) (see Table 6). 


At power-on or external reset, all DDR’s are 
cleared, which configures all port A, B and C pins 
as inputs, but the port output registers are not in- 
itialized. Thus, the I/O port should be written before 
setting the DDR bits to avoid undefined levels. 


All unused I/O lines should be tied to an appropri- 
ate logic level (either Vpp or Vss). 

Port B: When WFD control bit is set, all I/O port B 
lines are tied to Vpp through WKP input. 


5 4 3 2 1 0 
R5 | DDR4| DDR3 | DDR2 | DDR1 | DDRO 
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l/O PORTS PROGRAMMING (Continued) 
Table 6. I/O Pin Functions 


ee 
[0 [0 | retain an win reson 
ee 
Se A 


* R/W ts an internal signal 


DATA REGISTERS DATA DIRECTION REGISTERS 
Port A: 00h Port A: 04h 

Port B: Oth Port B: 05h 

Port C: 02h Port C: 06h 

Read/Write Read/Write 

Reset Value: Undefined Reset Value: 00h (as inputs) 


7 0 7 0 
sof FT | ET ft fof PE Tp fe 
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Example of Keyboard Interrupt 


WFD 
(Control bit) 
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Internal Interrupt Request 
for the CPU 
(Vector 3FFAh, 3FFBh) 


VROO1850 


18/37 {7 SGS-THOMSON 
S/ e MICROELECTRONICS 
130 


ST7291 


2.2 16 BIT TIMER 


The 16-bit programmable timer consists of a 16-bit 
free running counter with one output compare reg- 
ister. It can be used for many purposes including 
pulse length measurement of one input signal and 
generation of one output waveform. 


Pulse lengths and waveform periods can vary from 
several microseconds to many seconds because 
of the mask option configurable prescaler. When 
used with a 4MHz CPU clock, the timer has a reso- 
lution of 1s. 


Because the timer has a 16-bit architecture, each 
of its specific function block is represented by two 
registers. These registers contain the high order 
byte and low order byte of that function. However 
an access to the high order byte inhibits that spe- 
cific timer capability until the low order byte is also 
accessed. 


Note that correct software procedures should set 
the | bit of the Condition Code Register before ac- 
cessing the high order byte to prevent an interrupt 
from occurring between the accesses to the high 
and low order bytes of any register. 


The timer block diagram is shown on Figure 15: 
2.2.1 Functional Description 


Counter. The key element of the niograminable 
timer is a 16-bit free running counter or counter 
register. It is preceded by a prescaler which divides 
the internal clock by four. This counter is incre- 
menting by each event. 


Software can read the counter at any time without 
affecting its value. It can be read from two locations, 
the Counter Register (001 8h, 0019h) and Alternate 
Counter Register (001Ah, 001Bh). The only differ- 
ence between these two read-only registers is the 
way the overflow flag TOF is handled during a read 
sequence. 


A read sequence containing only a read of the 
least significant byte of the free running counter 
(from either the Counter Register or the Alternate 
Counter Register) will receive the LSB of the count 
value at the time of the read. A read of the most sig- 
nificant byte (from either the Counter Register or 
the Alternate Counter Register) simultaneously re- 
turns the MSB of the count value and causes the 
LSB to be transferred into a buffer. 


The buffered value remains unchanged until the 
16-bit read sequence is completed, even if the user 
reads the MSB several times. The read sequence 


is completed by reading the free running counter 
LSB, which actually returns the buffered value. 


As shown on Figures 16 and 17, the free running 
counter is configured to FFFCh during reset. Dur- 
ing a power-on reset (POR), the counter is also 
configured to FFFCh and begins running after the 
oscillator startup delay. 


When the counter rolls over from FFFFh to 0000h, 
the Timer Overflow flag (TOF) of the Timer Status 
Register (TSR) is set. A timer interrupt is then gen- 
erated if the TOIE enable bit of the Timer Control 
Register (TCR) is set, provided the | bit of the CCR 
is cleared. If one of these conditions is false, the in- 
terrupt remains pending to be issued as soon as 
they are both true. The interrupt request is cleared 
by reading TSR while TOF is set followed by an ac- 
cess (read or write) to the LSB of the Counter Reg- 
ister. 


The TOF flag is not affected by accesses to the Al- 
ternate Counter Register. This feature allows si- 
multaneous use of the overflow function and reads 
of the free running counter at random times (for ex- 
ample, to measure on elapsed time) without risking 
to clear the TOF flag erroneously. Accesses to the 
timer without the intention of servicing the TOF flag 
should therefore be performed to the Alternate 
Counter Register while only the TOF service rou- 
tine accesses the Counter Register. 


The value in the counter registers repeats every 
262144 internal processor clock cycles. As shown 
on Figures 16, the counter increment is triggered 
by a falling edge of the CPU clock. 


The timer is not affected by the WAIT mode. In the 
HALT mode, the counter stops counting until the 
mode is exited. Counting then resumes from pre- 
vious count (MCU awaken by an interrupt) or from 
reset count (MCU awaken by a reset). 


Output Compare. There is one output compare 
register but no output compare pin. It can be used 
for several purposes such as controlling an output 
waveform or indicating when a period of time has 
elapsed. 


The Output Compare Register is unique because 
all bits are readable and writable and are not af- 
fected by the timer hardware and reset. If a com- 
pare function is not used, the two bytes of the 
Output Compare Register can be used as storage 
locations. 
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16 BIT TIMER (Continued) 


Figure 15. Timer Block Diagram 
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The Output Compare Register (OCR) is a 16-bit 
register, which is made up of two 8-bit registers: 
The most significant byte register (OCHR) at ad- 
dress 0016h and the least significant byte register 
(OCLR) at address 001 7h. 


The content of OCR is compared with the content 
of the free running counter once during every timer 
clock cycles, i.e. once every 4 internal processor 
clock periods. If match is found, the Output Com- 
pare Flag OCF of the TSR is set. 


An interrupt accompanies a successful output 
compare if the corresponding interrupt enable bit 
OCIE of the TCR is set, provided the I-bit of the 
CCR is cleared. Otherwise, the interrupt remains 
pending until both conditions are true. It is cleared 
by a read of TSR followed by an access to the LSB 
of the OCR. 
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After a processor write cycle to the OCHR register, 
the output compare function is inhibited until the 
OCLR is also written. Thus, the user must write 
both bytes if the MSB is written first. A write made 
to only the LSB will not inhibit the compare func- 
tion. 


The following procedure is recommanded to pre- 
vent the OCF flag from being set between the time 
it is read and the write to OCR. 

Write to OCHR (further compares are inhibited). 
Read the TSR (first step of the clearance of OCF [it 
may be already set)). 


Write to OCLR (enables the output compare func- 
tion and clears OCF). 
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16 BIT TIMER (Continued) 


Figure 16. Timer Timing Diagram 
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Note 1. The CPU write to the compare registers may take place at any time but a compare only occurs at timer state T01 Thus a 4-cycle 
difference may exist between the write to the compare register and the actual compare. 
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16 BIT TIMER (Continuea) 


2.2.2 Timer Registers 

TIMER CONTROL REGISTER (001 2h) 
Read/Write 

Reset Value: 0000 0000 (00h) 


The TCR is an 8 bit read/write register. Its eight bits 
are defined as follow: 


i 0 
jo foe froe| o fo fe |e |e 


Bit 6 = OCIE Output Compare Interrupt Enable 

lf OCIE is set, a timer interrupt is enabled when- 
ever the OCF status flags of TSR are set. If the 
OCIE bit is cleared, the interrupt is inhibited. 

Bit 5 = TOIE Timer Overflow Interrupt Enable 

If TOIE is set, a timer interrupt is enable whenever 
the TOF status flag of TSR is set. If the TOIE bit is 
cleared, the interrupt is inhibited. 


Bit 7, 4, 3, 2, 1, 0 = Unused, they are read to zero. 
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TIMER STATUS REGISTER (0013h) 


Read Only 
Reset Value: Undefined 


The Timer Status Register (TSR) is an 8-bit regis- 
ter containing read-only status information. 


7 0 
|e ferfrr fo [o fe jet a 


Bit 6 = OCF Output Compare Flag 

OCF is set when the content of the free running 
counter matches the content of OCR. It is cleared 
by a processor access of TSR while OCF is set fol- 
lowed by an access (read or write) to the low byte 
of OCR. 


Bit 5 = TOF Timer Overflow 

TOF is set by a transition of the free running 
counter from FFFFh to O0OOh. It is cleared by a 
processor access to TSR while TOF is set followed 
by an access (read or write) to the low byte of the 
counter low register. TOF is not affected by an ac- 
cess to the Alternate Counter Register. 


Bit 7, 4, 3, 2, 1, O = Unused 


3 SOFTWARE AND CHARACTERISTICS 


3.1 SOFTWARE DESCRIPTION 
3.1.1 Instruction Set 


The ST7 instruction set is an 8 bit industry stand- 
ard instruction set that can be divided into five ma- 
jor groups. All instructions of each group have the 
same addressing modes. Refer to ST7 MACRO 
ASSEMBLER USER’S GUIDE and ST7 PRO- 
GRAMMING MANUAL for detailed information. 


Group 1 : Register/Memory And Absolute Jump 
Group In this group most instructions contain two 
operands. One operand is inherently defined as 
either the accumulator or an index register. The 
other operand is fetched from memory using one of 
the allowed addressing modes. The absolute jump 
instructions are included in this group because 
they can use most of the addressing modes of the 
register/memory instructions. 


Examples: LD <ea>, a. This means that the mem- 
ory byte located at address <ea> is loaded with the 
8-bit content of the accumulator A. 


The list of the instructions of this group is given in 
Table 7. 


Group 2 : Read - Modify - Write Group These in- 
structions read a register or a memory location, 
modify its content and write the new value back. 


Example : RRC <ea>. This means that the content 
of the memory byte located at address <ea> is ro- 
tated right through the carry bit, the result is written 
in the memory <ea> and the carry bit. 


The list of the instructions of this group is given in 
Table 8. 


Group 3 : Bit Manipulation And Test Group Bit 
manipulation instructions can set or clear any bit 
within the first 256 memory locations, except for 
ROM (020h - 04F) and read-only registers located 
at addresses 03h, 07h, 09h to 11h, 14h, 15h, 1Ch 
to 1Fh. 


Example: BSET <ea>, #b. This sets the bit #b of 
memory location <ea>. 


Test instructions can test any bit of the first 256 
memory locations and jump conditional within an 8 
bit PC-relative displacement. 


Example: BTJT <ea>, #b, ee. This corresponds to 
the relative jump (displacement = ee) if bit number 
#b of memory location <ea> is set. (Bit test and 
jump if true). 


The list of the instructions of this group is given in 
Table 9. 
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Group 4 : PC-Relative Jump Group These in- 
structions execute a PC-relative jump (8-bit dis- 
placement) depending on the state of the flag bits 
inside the condition code register (H, |, N, Z, C 
flags). 


Example: JRC ee. This means jump with displace- 
ment ee from actual the PC value if the carry bit is 
set, else execute the next instruction. 


The list of the instructions of this group is given in 
Table 10. 


Group 5 : Miscellaneous Group These instruc- 
tions are mainly contro! instructions on registers, 
stack, interrupts, subroutines and power down 
modes. 


The multiply instruction is included in this group. It 
performs an 8 x 8 bit unsigned multiplication be- 
tween one index register and the accumulator. The 
result is given as 16 bits, with the high order byte in 
the index register and the low order one in the ac- 
cumulator. 


The list of the instructions of this group is given in 
Table 11. 


3.1.2 Addressing Modes 


The CPU uses 10 main addressing modes to pro- 
vide the programmer with an opportunity to opti- 
mize his code in most applications. 


The various indexed addressing modes make it 
possible to locate data labels, code conversion ta- 
bles and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte in- 
structions, while the longest instructions (three 
bytes) allow access of tables throughout memory. 


Short absolute (direct) and long absolute (ex- 
tended) addressing modes are also included. Ex- 
tended addressing permits jump instructions to 
reach all memory. 


The various addressing modes differ from each 
other in computing the effective address (EA) i.e. in 
calculating the address to or from which the argu- 
ment of an instruction is fetched or stored. The 
LSBEA is the least significant byte of the EA; the 
MSBEA is its most significant byte. The 16 ad- 
dressing modes of the processor are described 
below. 


The table of symbols is given in Table 8 while the 
effective address coding is given in Table 7. 


23/37 


e MICROELECTRONICS 


135 


ST7291 


SOFTWARE DESCRIPTION (Continued) 


In order to extend the number of op-codes avail- 
able for an eight bit CPU (256 op-codes), three 
“ore-byte” op-codes have been defined. These 
pre-byte have to be seen as pre-instructions that 
modify the meaning of the instruction they pre- 
cede. The whole instruction becomes: 


PC-1 End of previous instruction 
PC Pre-byte 
PC +1  Op-code 


PC +2 Additional word (0 to 2) according to the 
number of byte required to compute the effective 
address. 


The pre-bytes enable instructions in Y as well as 
indirect addressing modes to be implemented. 
They precede the opcode of the instruction in X or 
of the instruction using a direct addressing mode. 
The pre-bytes are : 


Table 7. Source Coding 


Table 8. Table of Symbols 


Index register (either Xo r Y) 


n 
X 
7 


16 bit signed offset 


PDY : 90h Transform an instruction in X using im- 
mediate, direct, indexed, direct bit or inherent ad- 
dressing modes to an instruction in Y using the 
same addressing mode. 


PIY : 91h Transform an instruction using X indexed 
addressing mode to an instruction using indirect Y 
indexed addressing mode. 


PIX : 92h Transform an instruction using direct, di- 
rect bit or direct relative addressing mode to an in- 
struction using the corresponding _ indirect 
addressing mode. It also transforms an instruction 
using X indexed addressing mode to an instruction 
using indirect X indexed addressing mode. 


The pre-byte is completely user transparent. It is 
part of the assembly code. 


The addressing modes are discussed in the follow- 
ing paragraphs. 


LD a, #0Ah 


( 
! 
( 


n 8 bit immediate value 


8 bit signed offset 
8 bit PC relative displacement 
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SOFTWARE DESCRIPTION (Continued) 


Inherent. In inherent instructions, there is no EA 
as there is no operand to fetch or store. All the in- 
formation needed to execute the instruction is con- 
tained in the op-code. Operations specifying only 
an index register or the accumulator, and no other 
arguments, are included in this mode. 


Immediate. !n immediate addressing the operand 
is stored in the byte immediately following the op- 
code. 


Direct Modes 


Direct. In the direct addressing mode, the effec- 
tive address is contained in a single byte following 
the op-code byte. Direct addressing allows the 
user to directly address the lowest 256 bytes in 
memory with a single two byte instruction. 


Extended. In the extended addressing mode, the 
effective address of the argument is contained in 
the two bytes following the op-code. Instructions 
with extended addressing modes are capable of 
referencing arguments anywhere in memory. 


Indexed Modes 


Indexed Without Offset. In the indexed without 
offset addressing mode, the effective address is 
contained in one index register (X or Y). This ad- 
dressing mode can therefore access the first 256 
memory locations. These instructions are only one 
byte long. 


This mode is mainly used to move a pointer 
through a table or to address a frequently refer- 
enced RAM or 1/0 location. 


Indexed 8 Bit Offset. The EA is obtained by add- 
ing the 8-bit unsigned contents of the second in- 
struction byte to the 8-bit unsigned content of the 
appropriate index register. This mode allows ad- 
dressing of 256 locations of the 511 lowest mem- 
ory locations. 


indexed 16 Bit Offset. The EA is obtained by 
adding the 16-bit unsigned value composed of the 
second (MSB) and the third (LSB) instruction bytes 
to the 8-bit unsigned content of the appropriate in- 
dex register. This mode allows addressing of 256 
locations anywhere in the memory map. 
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indirect Modes 


Short Indirect. In this mode, the second byte of the 
instruction is used as a page zero address. The 
content of this page zero memory location is the 
LSB of the effective address. The MSBEA is zero 
(i.e. the effective address points to a page zero lo- 
Cation). 


Long Indirect. In the long indirect mode, the sec- 
ond byte of the instruction is used as a page zero 
pointer. The MSBEA is the content of this location 
while the LSBEA is the content of the following 
page zero location. 


Indirect Indexed Modes 


Short Indirect Indexed. The second byte of the 
instruction is used as a page zero address. To ob- 
tain the LSBEA, the content of this page zero 
memory location is added to the 8- bit unsigned 
value contained in the specified index register. The 
MSBEA is zero (i.e. the effective address points to 
a page zero location). 


Long Indirect Indexed. In long indirect indexed 
mode, the second byte of the instruction is used as 
a page zero pointer. The 16-bit word read from this 
location (MSB at the pointed address and LSB at 
the following one) is added to the 8-bit unsigned 
value contained in the specified index register to 
form the 16-bit EA. 


Relative Modes 


Simple Relative. The relative addressing mode is 
used for branch instruction (e.g. Branch on bit, 
Branch on condition, Branch subroutine). The 
branch address (new value of PC) is calculated by 
adding a displacement given by the 8-bit signed 
byte following the op-code value to the actual con- 
tent of the PC. This means that the variation of PC 
value is in the range -126 to +127 from the op-code 
address (the offset value can be calculated by the 
assembler). 


indirect Relative. The indirect relative addressing 
mode is similar to the relative mode but the content 
of the second byte of the instruction is used as a 
page zero address containing the 8-bit signed dis- 
placement value to be added to the actual content 
of the PC (i.e. address of the op-code plus 2). 
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SOFTWARE DESCRIPTION (Continued) 


Direct Bit Modes 


Bit Set And Clear. Bit Set/Clear mode is used to 
read-modify-write one single bit of a memory loca- 
tion in page zero, including I/O bits. The concerned 
memory location is given by the byte following the 
op-code (direct addressing mode) while the posi- 
tion of the bit to deal with is given in 3 bits included 
in the op-code. 


Bit Test And Branch. Bit test and branch mode 
gives a relative branch according to the value of a 
single bit of a memory location in page zero. The 
op-code contains 3 bits to define the bit to test at a 
location given by the byte immediately following 
the op-code. A third byte gives the 8-bit signed 
value of the PC-relative displacement. If the test is 
true, this displacement is added to the actual con- 
tent of the PC (i.e. op-code address plus 2) to form 
the new value of the PC. 


Indirect Bit Modes 


Indirect Bit Set And Clear. Indirect Bit Set/Clear 
mode works similarly to the bit Set/Clear mode ex- 
cept that the address of the concerned byte is the 
content of the location pointed by the second byte 
of the instruction. 


Indirect Bit Test And Branch. This mode works 
as the bit test and branch mode but the tested byte 
is the content of the location pointed by the second 
byte of the instruction. 
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SOFTWARE DESCRIPTION (Continued) 


Example 
ADDRESSING MODES 


FUNCTION SOURCE CODING 


OP-Code # Cycles 


Table 9. Register/Memory and Absolute Jump Group 


ADDRESSING MODE 
FUNCTION SOURCE CODE 
Load iX with memory LD iX,<ea> 2 BE 3 , FE 3 9 EE4 | DES | 
Load memory with 1X | LD <ea>,1X 2 BF * 1 FF * 2 EF® 


3 CB * , FB? 


SBC a,<ea> 2 B2 ° ; F2 
AND a,<ea> 2 B4 $ 1 F4 3 
OR a,<ea> 2 BA ® 1 FA ° 
XOR a,<ea> > BB 3 , Fg 3 
CP a,<ea> 2 BI 3 1 F1 
2 A3 * 2 B3 ° 1 F3 ° 


BCP a,<ea> 2 A5 7 2 BS ° 3 C5 * , F5 3 


Load memory with A 


Add memory toA 


Add memory and carry 
toA 


Subtract memory to A 


Subtract memory with 


4 
carry 2 E2 
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And memory to A 


Or memory with A 


Exclusive OR 


Arithmetic Compare A 


Arithmetic Compare IX | CP 1X,<ea> 


Bit compare A and 
memory 


Absolute Jump JP <ea> 2 BC ? Ts Oi ral ae 


Call subroutine CALL <ea> 3 CD ® ; FD? 
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SOFTWARE DESCRIPTION (Continued) 
ADDRESSING MODE 
Memory 


SOURCE 
FUNCTION CODE 
Direct 


Increment 3 923C ’ 
Decrement 3 923A ’ 
(Y index) es ee — 

(Y index) ie 


One’s é : : ; 


(Y index) Raat 29073° | 39063’ | 391638 


id NEG <ea> | 140° 150° 230° 3 9230 ’ 170° 260° 3 9260 ° 
(2’s complement) 


(Y index) ee a 2 9050 * 29070° | 39060’ | 391608 


Index Index 
+d8 +[ad8] 


7c? 3 926C ® 
2907C ® 3 916C ® 
1 7A5 3 926A 8 
2 907A © 3 916A ® 
1 7F° 3 926F ° 
2 907F °® 3 916F ® 


73° 2 63 ® 3 9263 ® 


nm 
i<e) 
© 
gl 
{ee} 
rN 


Rotate Left 3 3 5 : f : : 


(Y index) a ae »9079° | 390697 | 391698 


Rotate Right 


Shift Left Logical 392387 | 1789 39268 ° 
Shift Right Logical 144° 3 9234 ’ 174° 3 9264 ® 


Shift Left : ; : ; ; ; ; 


(Y index) 29078° | 39068’ | 39168° 


Shift Right 3 3 5 7 5 6 8 


(Y index) oo 29077° | 39067” | 391678 


Test for 3 3 4 6 4 5 7 
(Y index) 2907D° | 3906D*® | 3916D’ 
17E° 2 6E® 3 926E ® 


2907E® | 3906E’ | 3916E8 


nm 
i<e) 
oO 
o1 
oO 
aN 


oy 
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SOFTWARE DESCRIPTION (Continued) 


Table 11. Bit Manipulation And Test Group 


FUNCTION SOURCE CODE 
Relative Indirect Relative 


pit Test and Jump tT 5 (002m) © | 2210040) 7 


Bit Test and Jump if False 3 (01+2"b) ° 4 92(01+2*b) ” 


BTJF <ea> , #b, ee 


Table 12. PC-Relative Jump Group 


ADDRESSING MODES 
FUNCTION SOURCE CODE 
Indirect Relative 
(Jump Relative always) JRA ee 3 9220 ° 
Jump Relative if Unsigned Greater JRUGT ee > 22 3 5 9222 § 
than 
an Relative if Unsigned Lower or JRULE ee 5 9223 ° 


Jump Relative if No Carry JRNC aS 2 24 3 


Jump Relative if Unsigned Greater or |. JRUGE ee 24 3 5 9224 5 
Equal 
re ee 


Jump Relative if Unsigned Lower than 3 9225 ° 
e 


e 
Jump Relative if Not Equal JIRNE e 


Jump Relative if Equal JREQ ee 3 9227 ° 


Jump Relative if Half Carry 
Jump Relative if Not Half Carry 
Jump Relative if Plus 


Jump Relative if Minus 


Jump Relative if Not Interrupt Mask SRNM a 22c° 


Jump Relative if Interrupt Mask IRM ee 3 922D ° 
5 
Jump Relative if Interrupt Line Low SRL ee 3 922E 
ae ee eee 


5 
Jump Relative if Interrupt Line High JRIH ee 3 922F 
; : 
Call Subroutine Relative CALLR ee 3 92AD 
Be re a ee IT] SGS-THOMSON 29/37 
a ST, 3 srg S.C ROWES ————@“—_—— 
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SOFTWARE DESCRIPTION (Continued) 
Table 13. Miscellaneous Group 


FUNCTION sounce cove | XINDEX 


Load 1X with acc. a content 
Load a with 1X content 


i 
Load acc. a with Stack p. content LD 
Load Stack p. with 1X content 
re 


ae 
be 

x 
6p) 


Load iX with Stack p. content 
Load X // with Y // content 
Load Y // with X // content 


Un 
Lb 
D 
Load Stack p. with acc. a content 
D 
D 
D 
LD 


Wait For Interrupt 
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3.2 ELECTRICAL CHARACTERISTICS 

Power Considerations 

Ty, the average chip-junction temperature in Cel- 

sius can be calculated from the following equation: 
Ty= Ta + (Pp x Ja) (1) 

Where: 

- Tais the Ambient Temperature in °C, 


- 6Ja is the Package Thermal Resistance, 
Junction-to-Ambient in °C/W, 


. Pp the sum of Pint and Pyo, 


- Pint equals Icc time Vcc, 
Watts-Chip Internal Power 


- Pyo the Power Dissipation on Input and Output 
Pins, User Determined. 


Thermal Characteristics 


Thermal Resistance 


PDIP28 
PSO28 
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For most applications Pyo < Pint and can be 
neglected . 


Pport may be significant if the device is configured 
to drive Darlington bases or sink LED Loads. 


An approximate relationship between Pp and Ty 
(if Pyo is neglected) is: 

Pp = K+ (Ty + 273°C) (2) 
Therefore : 

K = Pp x (Ta + 273°C) + Jax Pp* (3) 


Where K is constant pertaining to the particular 
part, K can be determined from equation (3) by 
measuring Pp (at equilibrium) for a kwon Ta. Using 
this value of K, the values of Pp and Ty can be ob- 
tained by solving equations (1) and (2) iteratively 
for any value of Ta. 


Equivalent Test Load 


Vpp = 3V 


PAO-PA7 10.91kQ 6.32kQ 50pF 


Vpp = 4.5V 


PAO-PA7 | 3.26kQ 2.38kQ 50pF 


PBO-PB7 
PC1, PC6, 
PC7 


PBO-PB7 
PC1, PC6, 
PC7 


ISTA SGS-THOMSON 


Test Diagram 


R2 
(see Table) 
TEST POINT 


C 
(see Table) 


R1 
(see Table) 


VROO1769 
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AC Electrical Characteristics 


Parameter Test Conditions 


Operating Supply Voltage | RUN Mode 
HALT Mode 
WAIT Mode 


Supply Current ‘ @ | RUN Mode 


Vpp=5V,fosc=4MHz 
Vpp=5V,fosc=8MHz 
Vpp=3.3V ,fosc=4MHz 
WAIT Mode 
Vpp=5V,fosc=4MHz 
Vpp=5V,fosc=8MHz 
Vpp=3.3V,fosc=4MHz 
HALT Mode 
Vpp=5V, Ta=70°C 


Notes: 

1 RUN (Operating) IDD, WAIT IDD measured using external square wave clock all inputs 0 2V from rail, no DC load, less than 50pF on all 
outputs, Cl = 20pF on OSCout. 

2 WAIT, HALT all I/O configured as inputs, VIL = 0 2V, VIH = VDD-0 2V 

3 HALT, OSCin=VSss 


32/37 fy, SGS-THOMSON 
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DC Electrical Characteristics 


Output Voltage, Load < 10.0uA 


Output High Voltage 
| LOAD =1.6mA, PAO-PA7,PBO0-PB7,PC1,PC6,PC7 at Vcc=5V 
| LOAD =0 4mA, PAO-PA7,PB0-PB7,PC1,PC6,PC7 at Vcc=3.3V 
Output Low Voltage | 
| LOAD =1.6 mA, PAO-PA7,PB0-PB5,PC1-PC6,PC7 at Vcc=5V 
| LOAD =0.4 mA, PAO-PA7,PBO-PB5,PC1-PC6,PC7 at Vcc=3.3V 
Input High Voltage 
PAO-PA7,PBO-PB7,PC1,PC6,PC7,WKP,RESET 


Input Low Voltage 


PAO-PA7,PBO0-PB7,PC1,PC6,PC7,WKP,RESET 


I/O Ports Hi-Z Leakage Current 
PAO-PA7,PBO0-PB7,PC1,PC6,PC7 
net cro RESET 08 te 


Court Capacitance : Ports (as Input or Output) 
RESET, WKP 


[at [ reewemprne Papo fo fo 
WKP Pull-up 


Note 1. The ration between RWKP and RPB is 8 + 10% 


tH ° 
= 


(7, SGS-THOMSON 33/37 
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CONTROL TIMING 


fosc Frequency of Operation | Vpp=5V ae 8 MHz 
Vpp=3.3V 4 
tiLCH HALT Mode Recovery 
tL External RESET Input 
Pulse Width 
Interrupt Pulse Width 
tiuIH WKP 
PORTB 


Test Conditions 


Interrupt Pulse Period 


t Crystal Oscillator 
ONY Startup Time 


Supply Rise Time 10% to 90% 


Note 1 The minimum period tiLIL should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 


cycles 
34/37 ky, SGS-THOMSON 
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317291 
3.3 PACKAGE MECHANICAL DATA 


Figure 18. 28-Plastic Dual In line Package, 600-Mil Width 


| mm | inches 
| Min | Typ | Max | Min | Typ | Max _ 
pA [22 | | 48 [oose] [0.189 
LAI | 051| [177 [0.010] | 0.069] 
ra fea] [oss fous] — foo 


o|]— 
ci 
ine) 


fon} 
S 
toe) 
o]o =a/!o 
o g s ° 
Sl=| [Rls 


4 oO 
c= Ss 


—_ 
> 
w 


w 
— 
[oe] 
— 
ine] 
o1 
[on] 


— 
NM 
[<e) 


VRO01725 


VROO1 726 
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3.4 ORDERING INFORMATION 


Ordering Information Table 


Sales Types Memory Type Temperature Range 


PDIP28 
16K ROM -0 to + 70°C Pso28 


ST7291B1 
ST7291M1 


36/37 ‘TI SGS-THOMSON 
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ST7291 MICROCONTROLLER REFERENCES 


GALT Ce 1 al =] gree Re EE Net RC ECE ESA Er eee aE Rae PR me ee 
Address: 
Contact: 
PIMOMOMINO: esses sastcsdastanactacarewicecscaientendedss Maulatacue at ieee aaa eitia itictisasins aaduieatwuagaeate iaewanennodsentunceds 
FARGISRE NCC ose ccacoat cacanats averted ocarantacaun carsusos eecuissanaaeetcaneaviatatuaminelbessucieseucecaounacsnsamssudeoa entauamsanenaeee 


SGS-THOMSON Microelectronics references 
Device ST7291 
Package [ ] Plastic Dual in Line [ ] Plastic Small Output 


Temperature Range Oto 70°C 


Software Development 
[ ] Customer [ ] SGS-THOMSON [ ] External Laboratory 


For marking one line with 11 characters maximum is possible 


Special Marking [ }]No 
{ ] Yes 
Letters, digits,’ .’,’ -’, ‘| and spaces only 


Signature 


De ALi ge cteaieiae crate cee ce eet wetted recite atarsptaeenatie daa Gee Perda veconfentstoee iu ee Tae turd In Masa cece tia as se eeatoclas Aoseaade acces : 
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8-BIT HOMOS MCUs WITH EEPROM 


PRELIMINARY DATA 


a 2.5 to 5.5V supply operating range 
mw 4MHz Maximum Clock Frequency 


Fully static operation 


-25 to +85°C Operating Temperature Range 
Run, Wait, Stop and RAM Retention Modes 
User ROM: 3328 bytes 


Data RAM: 128 bytes 
EEPROM: 128 bytes 
= 28 pin Dual In Line and SO plastic packages PDIP28 


a 22 bidirectional I/O lines 


6 lines programmable as interrupt wake-up 
inputs 


a 16-bit timer with 1 input capture and 2 output 
compares 
» Master Reset and power on reset 
PSO28 
(Ordering Information at the end of the datasheet) 


a Full Hardware Emulator 


User mask options: 

- internal clock for timer (+ 2,+ 4,+ 8) 
- pinout for ICAP and OCMP1 signals Pin Configuration 
- enable wake-up function on PORT C 
- open drain on PORT A 

- Watchdog enable/disable after Reset 
- Watchdog enable during WAIT mode 


8-bit data manipulation 
a /4 basic instructions 


» 10 main addressing modes 


ANON PWD 


a 8x8 unsigned multiply instruction 


i<o) 


a true bit manipulation 


PCO (ICAP) 
PC1 (OCMP1) 
PC2 
PC3 

VROA1734 


=» Complete development support on real time 
emulator with PC/DOS 


oC cr 
QO Mm ~ O 


» Full software package (Cross Assembler, 
debugger) 


— 
£ 


Note 1. This pin is also the VPP input for EPROM based devices 


November 1993 1/18 


This ts Preliminary information from SGS-THOMSON Details are subject to change without notice. 
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1 GENERAL DESCRIPTION 


1.1 INTRODUCTION 


The ST7293 is a HCMOS microcontroller unit 
(MCU) from the ST72 family. It is based around an 
industry standard 8 bit core and offers an en- 
hanced instruction set. The processor runs with an 
external clock at 4 MHz with a 5V supply and 2MHz 
with a 3V supply. Due to the fully static design of 
this device, operation down to DC is possible. Un- 
der software control the ST7293 can be placed in 
WAIT or HALT mode thus reducing power con- 


Figure 1. ST7294 Block Diagram 


OSCILLATOR INT 
® SLOW CLOCK 
MODE DIVIDER 


CONTROL 


8 BIT CORE 
ALU 


= 


RAM = 
128 bytes 
EEPROM ean 
128 bytes 


2/18 __ {57 SGS-THOMSON 


sumption. The enhanced instruction set and ad- 
dressing modes afford real programming poten- 
tial. In addition to standard 8 bit data 
management the ST7293 features true bit ma- 
nipulation, 8x8 unsigned multiplication and indi- 
rect addressing modes. The device includes an 
on-chip oscillator, CPU, ROM, RAM, EEPROM, 
I/O, and one timer with 1 input capture and 2 out- 
put compare systems. 


PAQO-PA7 (8 BIT) 


PBO-PB7 (8 BIT) 


PCO-PC5 (6 BIT) 


TIMER 
SYSTEM 


WATCHDOG 


POWER 
SUPPLY 


VR001735 


a mr a a rr 
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1.2 PIN DESCRIPTION 


Vpp. Single power supply voltage 2.5 to 5.5V. 
Vss. Ground 


OSCin, OSCout. Oscillator input and output pins. 
These pins are to be connected to a parallel reso- 
nant crystal or ceramic resonator. An external 
clock source can also be input through OSCin. 


RESET. The active low input signal forces the in- 
itialization of the MCU. This event is the first priority 
non maskable interrupt. This pin is switched output 
low when the Watchdog has released. It could be 
used to reset external peripherals. 


INT is the external interrupt signal. Software con- 
figuration allows four triggering modes. 


ICAP (PCO). Input capture signal going to the 
TIMER system. This signal, according to a mask 
option, can be an ICAP pin or PCO pin. When PCO 
is defined as ICAP, the internal pull-up resistor is 
not connected. 


OCMP1 (PC1). Output compare signal coming 
from the TIMER system. This output signal, ac- 
cording to a mask option, can be an OCMP1 
pin(for output compare 1 of the timer) or PC1 pin. 
When PC‘1 is defined as OCMP1, the internal pull- 
up resistor is not connected. 


$T7293 


PAO-PA7, PBO-PB7, PCO-PC5. These 22 lines 
are standard |/O lines, programmable as either in- 
put or output. 


- PORT A. 8 Standard I/O lines, bit programmable, 
accessed through DDRA and DRA Registers. Ac- 
cording to a mask option, each output can be de- 
fined as a standard push-pull output port or as an 
open drain output port. 


- PORT B. 8 Standard I/O lines bit programmable 
accessed through DDRB and DRB Registers. 


- PORT C. 6 Standard 1/O lines accessed through 
DDRC and DRC Registers. According to a mask 
option, these 6 lines can become 6 falling edge 
sensitive interrupt lines all linked to a single inter- 
rupt vector or 6 standard input ports tied to Vdd 
through an internal pull-up resistor (250kQ typical 
at Vop = 3.5V). 


ky SGS-THOMSON ave 
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PIN DESCRIPTION (Continued) 
Table 1. ST7293 Pin Configuration 


Pp 
Assignment 


Interrupt 


Oscillator 


aa 
a 
a 
a 
ee 
ee 
[10 | staat tt eamatey 
ee 
ee 
[16 | sandaPon i pewannatiy 
ee 
ee 
16 | Sr Po ai ete) 
16 | nr a a etre) 
[roe ——~+| 10 | Sa Po aia neti) 
ee 
ee 
[16 [Sind Pon i peoarmatiy 
ee 
16 | sandasPonpeoarnatiy 
[v6 | sina Font eranmatiy 
[v6 | sina Font eranmasy 
a 
oon 


in 
1 
2 
3 
5 
7 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
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1.3 CENTRAL PROCESSING UNIT 


1.3.1 Introduction 


The CPU has a full 8-bit architecture. Six internal 
registers allow efficient 8-bit data manipulations. 
The CPU is able to execute 74 basic instructions. It 
features 10 main addressing modes. It is able to 
address 8192 bytes of memory and registers with 
its program counter. 


1.3.2 CPU Registers 


The 6 CPU registers are shown in the program- 
ming model in Figure 2. Following an interrupt, the 
registers are pushed onto the stack in the order 
shown in Figure 3. They are popped from stack in 
the reverse order. The Y register is not affected by 
these automatic procedures. The interrupt routine 
must therefore handle it, if needed, through the 
POP and PUSH instructions. 


Accumulator (A). The accumulator is an 8-bit 
general purpose register used to hold operands 
and the results of the arithmetic and logic calcula- 
tions as well as data manipulations. 


Figure 2. Programming Model 


ACCUMULATOR: 


X INDEX REGISTER: 


Y INDEX REGISTER: 


ST7293 


Index Registers (X and Y). These 8-bit registers 
are used to create effective addresses or as tem- 
porary storage area for data manipulations. The 
cross assembler generates a PRECEDE instruc- 
tion (PRE) to indicate that the following instruction 
refers to the Y register. The Y register is never 
automatically stacked. Interrupt routines must 
push or pop it by using the POP and PUSH instruc- 
tions. 


Program Counter (PC). The program counter is a 
16-bit register containing the address of the next 
instruction to be executed by the CPU. In the 
ST7294, only the 13 low order bits are used, bits 
13, 14 and 15 are forced to “0”. 


Stack Pointer (SP). The stack pointer is a 16-bit 
register. The 6 least significant bits contain the ad- 
dress of the next free location of the stack. The 10 
most significant bits are forced as indicated in Fig- 
ure 2. They are reserved for future extension of 
ST72 family. 


RESET VALUES: 
X X X X X X X X 


7 0 


BERR 


RESET VALUES: 
Xx X X KX KX X XK X 


7 0 


fale Ai setae 


RESET VALUES: 
X X X KX KX KX X X 


15 7 0 
procramcounTer: | 0} 0/0} | | | | | | | | tt | ft | 


RESET VALUES: 
RESET VECTOR (1FFEh:1FFFh) 


15 7 0 
stack pointer: [0] 0] olofofo}ofo} ++] | | | [| | 


RESET VALUES: 
0000 


CONDITION CODE REGISTER: 


X = Undefined 


kay SGS-THOMSON 
‘V7, ienoerectRowics 


000 01 1 141 74 41 4°71 ~«4 


Teal 


RESET VALUES: 
1110 1 0 1 +0 
VROB1767 
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CENTRAL PROCESSING UNIT (Continued) 


The stack is used to save the CPU context on sub- 
routines calls or interrupts. The user can also di- 
rectly use it through the POP and PUSH 
instructions. 


After a MCU reset or after the reset stack pointer 
instruction (RSP), the stack pointer is set to its up- 
per value (OFFh). It is then decremented after data 
has been pushed onto the stack and incremented 
after data is popped from the stack. When the 
lower limit is exceeded, the stack pointer wraps 
around to the stack upper limit. The previously 
stored information is then over written and there- 
fore lost. 


A subroutine call occupies two locations and an in- 
terrupt five locations. 


1.3.3 Condition Code Register (CC). 


The condition code register is a 5 bit register which 
indicates the result of the instruction just executed 
as well as the state of the processor. These bits 
can be individually tested by a program and speci- 
fied action taken as a result of their state. The fol- 
lowing paragraphs describe each bit. 


Figure 3. Stacking Order 


7 0 
CONDITION CODE 
ACCUMULATOR 


INCREASING 
MEMORY 


RETURN 


ADDRESSES 


UNSTACK 
(POP) 


X INDEX REGISTER 


Half carry bit (H). The H bit is set to 1 when acarry 
occurs between the bits 3 and 4 of the ALU during 
an ADD or ACC instruction. The H bit is useful in 
BCD arithmetic subroutines. 


Interrupt mask (I). When the | bit is set to 1, all in- 
terrupts are disabled. Clearing this bit enables 
them. Interrupts requested while | is set are latched 
and can be processed when | is cleared (only one 
interrupt request per interrupt enable flag can be 
latched). 

Negative (N). When set to 1, this bit indicates that 
the result of the last arithmetic, logical or data ma- 
nipulation is negative (i.e. the most significant bit is 
a logic 1). 

Zero (Z). When set to 1, this bit indicates that the 
result of the last arithmetic, logical or data manipu- 
lation is zero. 

Carry/Borrow (C). When set, C indicates that a 
carry or borrow out of the ALU occurred during the 
last arithmetic operation. This bit is also affected 
during bit test, branch, shift and rotate instructions. 


STACK 
(PUSH) 


DECREASING 
MEMORY 
ADDRESSES 


INTERRUPT 


VR000074 
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1.4 MEMORY MAP 


As shown in Figure 4, the MCU is capable of ad- 
dressing 8192 bytes of memory and I/O registers. 
In the ST7293 3604 of these bytes are user acces- 
sible. 


The locations consist of 32 bytes of I/O registers 
(only 20 are used), 128 bytes of RAM, 128 bytes of 
EEPROM and 3.25Kbytes of user ROM. The RAM 


Figure 4. Memory Map 


/O and REGISTERS 
Bytes 


RESERVED 
96 Bytes 


128 Bytes 


ql 
(STACK) 
64 Bytes 


RESERVED 
128 Bytes 


EEPROM 
128 Bytes 


RESERVED 


4096 Bytes 


3 25K USER ROM 
3328 Bytes 


RESERVED 
240 Bytes 


USER VECTORS 
16 Bytes 


PORTS 

6 Bytes 
EEPROM/CPULK 
CONTROL 1 Byte 


RAM RESERVED 


MISCELLANEOUS 
1 Byte 


RESERVED 


space includes 64 bytes for the stack from OFFh to 
OCOh. Programs that only use a small part of the al- 
located stack locations for interrupts and/or sub- 
routine stacking purpose can use the remaining 
bytes as standard RAM locations. 


The highest address bytes contains the user de- 
fined reset and interrupt vectors. 


Roo 


MISCELLANEOUS REGISTER 


TIMER CONTROL REGISTER 


\19h [COUNTERLOW REGISTER 


‘4Ah | ALTERNATE COUNTER HIGH REGISTER 
1Bh| ALTERNATE COUNTER LOW REGISTER 


COMPARE HIGH REGISTER 2 
COMPARE LOW REGISTER 2 


VRO01107 


ky 86S-THoMsoN NO 


e MICROELECTRONICS 


157 


$17293 


1.5 WATCHDOG SYSTEM 


The watchdog system consists in a divider-by-8 
counter and a fixed divide-by-1024 prescaler. It is 
controlled through bit WDOG of the Miscellaneous 
Register. Two mask options are provided. 


The watchdog enable mode mask option selects 
the state of the watchdog system after an external 
or a power-on reset. In the “programmable enable” 
option, a reset causes the watchdog to be disabled 
and the counter to be forced to zero. When the 
watchdog is configured with the “programmable 
enable” option, the watchdog system is enabled by 
setting the WDOG bit of the Miscellaneous Regis- 
ter (OCh). Only an external or a power-on reset can 
clear WDOG and disable the watchdog system. 


Whatever the option, when the watchdog counter 
is enabled, it is driven by the CPU clock through 
the divide-by-1024 prescaler (i.e. the counter clock 
period is 1024 CPU clock cycles). It is reset to zero 
by writing WDOG at 1. A system reset is generated 
if the counter reaches it maximum count (8). To 
avoid a system reset, the software must therefore 
reset the counter at least after a time tdog from the 
last clear or from the time the watchdog system 
has been enabled. 


Care has to be taken when enabling the counter 
(“programmable enable” option only). The pres- 
caler is actually in an unknown state at the time 
WDOG is set. The first rising edge can thus be sent 
to the watchdog counter after a time comprised be- 
tween 0 and 1024 CPU clock cycles. In this mode, 
the first reset of the watchdog counter should 
therefore not occur later than 6x1024 CPU clock 
cycles after it has been enabled. 


The system reset is generated by pulling down the 
RESET pin for at least one and a half CPU clock 
cycle. The state of the RESET pin is re-entered, 
thus causing an external reset to be issued. 


The WATCHDOG DURING WAIT mask option al- 
lows to determine the watchdog function during the 
WAIT low power mode. In the “active during WAIT” 
option, the watchdog is kept active, thus able to re- 
set the MCU if it remains in WAIT mode longer than 
the watchdog timeout period. In the “suspended 
during WAIT” option, it suspends operation during 
the WAIT mode and resets its counter. It will then 
resume operation when exiting the WAIT mode. 
The HALT mode is inhibited when the watchdog 
system is enabled. However if a HALT instruction 
is executed while it is enabled, a watchdog reset is 
immediately generated. 


1.6 MISCELLANEOUS REGISTER 


Miscellaneous Register (000Ch) 
Read/Write 


Reset Value: 0001 000 (10h) 


This register is a various 8-Bit register where only 
Abits are used for interrupt, slow mode and Watch- 
dog purposes. 


7 0 
= [owe [oom] — [= [= [a fr 


b7, b4-b2 = Unused 


b6 = INTP: External Interrupt Positive allows to se- 
lect the INT line triggering mode in conjunction with 
INTN. It can only be modified when the | bit of the 
CCR is set. 


b5 = ININ :External Interrupt Negative allows to se- 
lect the INT line triggering mode in conjunction with 
INTP. It can only be modified when the | bit of the 
CCR is set. 


b1 = SM: Slow Mode. Setting this bit to “1" enables 
Slow Mode, thus reducing power consumption. In 
this mode, an extra divider by 16 is added in the 
clock circuitry. 


bO = WDOG: Watchdog System. Whatever the 
WATCHDOG ENABLE MODE mask option, the 
watchdog counter is reset when WDOG is written 
at 1. When the MCU is configured with the “pro- 
grammable enable” option, the WDOG bit is low af- 
ter a reset. It must be set to enable the watchdog 
system. Only a reset can clear WDOG. 
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1.7 CLOCK SYSTEM 


1.7.1 General Description 


The MCU accepts either a Crystal/Ceramic resonator 
or an external clock to provide the internal oscillator. 
The internal clock (fop) is derived by a divide-by-2 from 
the external oscillator frequency (fosc). 


The slow mode function allows under software control 
to further slow down the internal clock, thus reducing 
power consumption. This feature is particular useful in 
WAIT mode. 


The slow mode is entered by setting the SM bit in the 
Miscellaneous Register (OCh). This mode affects all 
functions, including timer and EEPROM. The slow 
mode is exited by clearing SM or by entering the STOP 
mode. 


Crystal . The internal oscillator is designed to interface 
with an AT-cut parallel resonant quartz crystal resona- 
tor in the frequency range specified for fosc. The circuit 
shown on Figure 5 is recommended when using a 
crystal. The table lists the recommended capacitance 
and feedback resistance values. 


Use of an external CMOS oscillator is recommended 
when crystals outside the specified ranges are to be 
used. The crystal and components should be mounted 
as close as possible to the input pins to minimize out- 
put distortion and startup stabilization time. 


Ceramic Resonator. A ceramic resonator may be 
used in place of the crystal in low cost applications. The 
Circuit on Figure 5 is recommended when using a ce- 
ramic resonator. The table lists the recommended ca- 
pacitance and feedback resistance values. The 
manufacturer of the particular ceramic resonator being 
considered should be consulted for specific informa- 
tion. 


External Clock. An external clock should be applied 
to the OSCin input with the OSCout pin not connected, 
as shown on Figure 6. The toxov and titcH specifica- 
tions do not apply when using an external clock input. 
The equivalent specification of the external clock 
source should be used instead of toxov or tiLCH. 
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Figure 5. Crystal/Ceramic Resonator 


OSCin 


OSCout | 


C Cc 


OSCin I 


OSCout 


VAOOAI6 


Figure 6. External Clock Source Connections 


OSCin OSCout 


EXTERNAL 
CLOCK 


VAOOAIS 
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CLOCK SYSTEM (Continued) 1.8 RESETS AND INTERRUPTS 
ee Resets are used to provide an orderly software 
Figure 7. Equivalent Crystal Circuit startup procedure or to quit low power modes. 


Two reset modes are provided: a power-on reset 
and an external reset at pin RESET. The watchdog 
reset is considered as an external one though the 
watchdog system generates a MCU reset by pull- 
ing down the RESET pin. 


A summary of the effects of both reset modes on 
the different sections of the MCU is given in the fol- 
lowing Table. For further information, please refer 
to the part describing the particular section. 


OSCin OSCout 
Co 
VA00101 
1.8.1 External Reset 


Recommended Settings for Crystal The external reset is an active low input signal ap- 
plied to the RESET pin of the MCU. 


As shown in Figure 8, the RESET signal must stay 
low for a minimum of one and a half CPU clock cy- 
cles. A reset causes the reset vector to be fetched 
at addresses 01FFEh and 01FFFh in order to be 
loaded into the PC. 


1 
The external reset is used by the watchdog system 


to reset the MCU. When active, the power-on reset 
circuitry pulls down the RESET pin. In both cases, 
the RESET pin can be used as an output to reset 
other devices. However, the pull down circuitry fea- 
tures a current limitation to allow the connection of 
any input signal, including from an RC type circuit. 


Recommended Settings for Ceramic An internal Schmitt trigger at pin RESET improves 
1.8.2 Power-on Reset (POR) 


The power-on reset (POR) is generated upon de- 
tection of a positive transition on Vpp (refer to Fig- 
ure 8). It causes the reset vector to be fetched at 
addresses 01FFEh and 01FFFh in order to be 
loaded into the PC. 


An internal circuitry provides a 4096 CPU clock cycle 
delay from the time the oscillator becomes active. At 
the end of the power-on reset, the MCU can be 
maintained in the reset condition by the external re- 
set. The RESET pin can therefore be used to ensure 
Vpp has risen to a point where the MCU can properly * 
operate before running the MCU program. 


0.008 | 0.012 
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RESET AND INTERRUPTS (Continued) 


During the POR, the RESET pin is pulled low, thus 
permitting the MCU to reset other devices. 


The power-on reset is strictly used for power up 
conditions and should not be used to detect any 
drop in the power supply voltage. There is no pro- 
vision for a power-down reset. 


1.8.3 Interrupts 


The ST7293 may be interrupted by one of four dif- 
ferent methods: the three maskable hardware in- 
terrupts (INT, PORT C, or TIMER) and the 
non-maskable software interrupt (TRAP). The In- 
terrupt processing flowchart is shown in Figure 9. 
The maskable interrupts must be enabled in order 
to be serviced. However, disabled interrupts can 
be latched and processed when they are enabled. 
When an interrupt has to be serviced, the PC, X, A 
and CC registers are saved into the stack and the 
interrupt mask (I bit of the Condition Code Regis- 
ter) is set to prevent additional interrupts. The Y 
register is not automatically saved. The stack order 
is shown on Figure 3. 


The PC is then loaded with the interrupt vector of 
the interrupt to service and the interrupt service 
routine runs (refer to Table 3 for vector addresses). 


It should finish by the IRET instruction which 
causes the contents of the registers to be recov- 
ered from the stack and normal processing to re- 
sume. Note that the | bit is then cleared if and only if 
the corresponding bit stored in the stack is zero. 


Though many interrupts can be simultaneously 
pending, a priority order is defined (see Table 4). 
The RESET pin has the highest priority. Then, if 
the | bit is low, the decreasing priority order is 
TRAP, INT, timer input capture, timer output com- 
pare, timer overflow and PORT C. If the | bit is set, 
TRAP is the only enabled interrupt. 


Interrupts allow the processor to leave low power 
modes. Refer to LOW POWER MODES for further 
information. 


Software interrupt. The software interrupt is the 
TRAP executable instruction. The interrupt is rec- 
ognized when the TRAP instruction is executed, 
regardless to the | bit state. When the interrupt is 
recognized, it is serviced according to the flowchart 
on Figure 9.. 


External Interrupt. The external interrupt is gen- 
erated through the INT pin. The interrupt is en- 
abled if the | bit of the CCR is cleared. 


Table 2. List of sections affected by RESET, WAIT and HALT 


ee een 


Timer Prescaler reset to zero 

Timer Counter set to FFFCh 

All Timer enable bit set to 0 (disable) 

Data Direction Regfisters set to 0 (as Inputs) 
Set Stack Pointer to OOFFh 


Force Internal Address Bus to restart vector 1FFEh, 1FFFh 
Set Interrupt Mask Bit (I-Bit, CCR) to 1 (Interrupt Disable) 
Set Interrupt Mask Bit (I-Bit, CCR) to 0 (Interrupt Enable) 
Reset HALT Latch 

Reset INT Latch 

Reset WAIT Latch 

Disable fop Clock (for 4096 cycles) 

Set CPU Clock to 0 

Set Timer Clock to 0 

SM-Bit cleared 

Watchdog counter reset 

Watchdog WDOG-BIT reset 

EEPROMS control bits reset 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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RESET AND INTERRUPTS (Continued) 


The INTN and INTP bits of the Miscellaneous Reg- 
ister (OCh) allow selection of the interrupt triggering 
mode among the 4 available ones. Refer to Table 
3 for the triggering mode coding. 


In order to avoid conflicts and spurious interrupts, 
the external interrupt options can only be changed 
when the | bit is set. Any attempt to change the op- 
tions while | is reset fails. When the options are 
changed any pending interrupt is lost. 


When an enabled interrupt occurs, normal proc- 
essing is suspended at the end of the current in- 
struction execution. It is then processed according 
to the flowchart on Figure 9. 


If the interrupt is disabled (I high), the triggering 
edge of the INT line is internally latched and the in- 
terrupt remains pending to be processed as soon 
as the interrupt is enabled (the low level sensitive 
interrupt is not latched and can therefore not re- 
main pending). This internal latch is cleared in the 
first part of the service routine. Therefore, one, and 
One only, external interrupt can be latched and 
serviced as soon as enabled. 


Figure 8. Reset Timing Diagram 


Figure 10 shows the mode timing diagram for the 
interrupt line. Two methods are described. The first 
method shows single pulses on the interrupt line 
spaced far enough apart to be serviced. The mini- 
mum time between pulses is a function of the num- 
ber of cycles required to execute the interrupt 
service routine plus 21 cycles. Once a pulse oc- 
curs, the next pulse should not occur until the MCU 
software has exited the routine (an IRET instruc- 
tion occurs). 


The second configuration shows several interrupt 
lines “wire-ORed” to form the interrupts at the proc- 
essor. Thus, if after servicing one interrupt the in- 
terrupt line remains low, then the next interrupt is 
recognized. 


PORTC Interrupt. The PORTC Interrupt can be 
generated on the falling edge of one pin PCO-PC5 
if itis defined as an interrrupt source. When an en- 
abled interrupt occurs, normal processing is sus- 
pended at the end of the current instruction 
execution. It is then processed according to the 
flowchart on Figure 9. 


LLL LEE 


OSCin Zz 


t OXxOV 


PC 


WATCHDOG RESET 


EXTERNAL RESET 


POWER ON RESET 
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RESET AND INTERRUPTS (Continued) 


Table 3. External Interrupt Options 


External Interrupt Options 


Negative edge and Low level sensitive 
Negative edge only 

Positive edge only 

Positive and negative edge sensitive 


CLEAR WKP 
LATCH 


STACK 
PC,X,A,CC 


SET | BIT 


LOAD PC 
WITH APPROPRIATE 
INTERRUPT VECTOR 


EXECUTE INSTRUCTION 


= 


FETCH NEXT 
INSTRUCTION 
EXECUTE INSTRUCTION 


VROO1172 
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RESET AND INTERRUPTS (Continued) 


If the interrupt is disabled (I high), the triggering 
edge of the wake-up interrupt sources logical-OR 
is internally latched and the interrupt remains 
pending to be processed as soon as the interrupt is 
enabled. This internal latch is cleared in the first 
part of the service routine. Therefore, one and one 
only external interrupt can be latched and serviced 
as soon as possible. 


Timer Interrupt. Four different timer interrupt 
flags are able to cause a timer interrupt when they 
are active if both the | bit of the CCR is reset and if 
the corresponding enable bit is set. If either of 
these conditions is false, the interrupt is latched 
and thus remains pending. 

The interrupt flags are located in the Timer Status 
Register (0013h). The Enable bit are in the Timer 
Control Register (0012h). 


Table 4. Interrupt and Reset priorities 


Highest 


1FFEh,1FFFh 
1FFCh,1FFDh 
1FFAh,1FFBh 
1FF8h,1FFQh 
1FF6h,1FF7h 
1FF4h,1FF5h 
1FF2h,1FF3h 
1FFOh,1FF1h 


RESET and POWER-ON (POR) 
SOFTWARE Interrupt (TRAP) 
EXTERNAL Interrupt (INT) 
TIMER INPUT Capture 


TIMER OVERFLOW 


Reserved 
PORTC Wake-up 


Figure 10. Timing Diagram for Interrupt Line 


TIMER OUTPUT Compares (1 and 2) 


When an enabled interrupt occurs, normal proc- 
essing is suspended at the end of the current in- 
struction execution. it is then serviced according to 
the flowchart on Figure 9. Software in the timer 
service routine must determine the priority and 
cause of the timer interrupt by examining the inter- 
rupt flags and the status bits located in the TSR. 


The general sequence for clearing an interrupt is 
an access to the status register while the flag is set 
followed by a read or write of an associated regis- 
ter. Note that the clearing sequence resets the in- 
ternal latch. A pending interrupt (i.e. waiting for 
being enabled) will therefore be lost if the clear se- 
quence is executed. 


Refer to 16 BIT TIMER for further information. 


Lowest 


NORMALLY 

USED WITH 

WIRE-ORED 
CONNECTION 


VRO00079 
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1.9 LOW POWER MODES 


Table 2 gives a list of the different sections affected 
by the low power modes. For detailed information 
on a particular devices, please refer to the corre- 
sponding parts. 


HALT Mode. The HALT mode is the MCU lowest 
power consumption mode. The HALT mode is en- 
tered by executing the HALT instruction. The inter- 
nal oscillator is then turned off, causing all internal 
processing to be stopped, including the operation 
of the on-chip peripherals. The HALT mode cannot 
be used when the watchdog is enabled, if the 
HALT instruction is executed while the watchdog 
system is enabled, a watchdog reset is generated 
thus resetting the entire MCU. 


When entering the HALT mode, the | bit in the Con- 
dition Code Register and the SM bit in the Miscel- 
laneous Register are cleared. Thus, the external 
interrupts are allowed and the MCU is placed at its 
nominal speed (see CLOCK SYSTEM). All other 
registers and memory remain unaltered and all I/O 
lines remain unchanged. 


The MCU can exit the HALT mode upon reception 
of either an external interrupt or PORTC or a 
power-on or external reset. The oscillator is then 
turned on and a stabilization time is provided be- 
fore releasing CPU operation. The stabilization 
time is 4096 CPU clock cycles. 


After the start up delay, the CPU continues opera- 
tion by servicing the interrupt which wakes it up or 
by fetching the reset vector if a reset wakes it up. 
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WAIT Mode. This mode is a low power consump- 
tion mode, but the power consumption is higher 
than in the HALT mode. The consumption can be 
further reduced by entering the slow mode. 


The WFI instruction places the MCU in the WAIT 
mode. 


In the WAIT mode, the internal clock remains ac- 
tive but all CPU processing is stopped; however, 
the programmable timer remains in his previous 
state. The watchdog can either be active or not ac- 
cording to the WATCHDOG DURING WAIT mask 
option. 


During the WAIT mode, the | bit in the condition 
code register is cleared to enable all interrupts. 


All other registers and memory remain unaltered 
and all parallel I/O lines remain unchanged. 


An interrupt or a reset causes the MCU to exit the 
WAIT mode. An interrupt while the MCU is in the 
WAIT mode causes the corresponding interrupt 
vector to be fetched, the interrupt routine to be 
executed and normal processing to resume. A re- 
set causes the program counter to fetch the reset 
vector and processing starts as for a normal reset. 


DATA RETENTION Mode. The contents of RAM 
and CPU registers are retained at supply voltage 
as low as 2.0 volts. This is referred to as the data 
retention mode, where the data is held, but the de- 
vice is not guaranteed to operate. 
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LOW POWER MODES (Continued) 


Figure 11. HALT Function Flow Chart 
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Figure 12. WAIT Flow Chart 
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1.10 ORDERING INFORMATION 


Ordering Information 


Sales Types Memory Type Temperature Range 
Z PDIP28 
3.3K ROM -0 to + 70°C PSO28 
: PDIP28 
3.3K ROM -25 to + 85°C PSO28 


ST7293B1 
ST7293M1 


ST7293B8 
ST7293M8 
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ST7293 MICROCONTROLLER OPTION LIST 


USTON IST ocvlesti w eetre teria 29 ats ts an teeta lee etude a? Oye ae a ast apatite eat ah eteracene Beard 
Address: 
Contact: 
PRONE INO® sc3 oiGs deveh ba ainda eae a bare BA aed bd ae ee OL RRS ee ae OSes 


SGS-THOMSON Microelectronics references 

Package [ ] Plastic Dual in Line [ ] Plastic Small Outline 
Temperature Range [ ] Oto 70°C [ ] -25 to 85°C 
bw 


Software Development [ ] Customer SGS-THOMSON 
[ ] External Laboratory 


For marking one line with 11 characters maximum is possible 
Special Marking [ | (y/n) ” Letters, digits,’ .’,’ - ‘and spaces only 


OPTION LIST: 


TIMER CLOCK ] STANDARD (fop/4) 
] FAST (fop/2) 
] SLOW (fop/8) 


Watchdog ENABLE MODE ] Software Enable [ ] Auto Enable 
Watchdog during WAIT ] Active during WAIT mode _ [ ] Suspend during WAIT mode 


Enable Wake-up on PORTC ] PORTC 6-bit I/O PORT 
] PORTC interrupt Wake-up inputs 


Pinout for ICAP (PCO) ] ICAP is bonded on pin 18 
] PCO is bonded on pin 18 


Pinout for OCMP1 (PC1) ] OCMP1 is bonded on pin 17 
] PC1 is bonded on pin 17 


PORT A Outputs ] Standard push-pull output PORT 
] Open Drain output PORT 


18/18 f SGS-THOMSON 
If, wucros.serromes 
168 


ha, SGS-THOMSON 
YF, MICROELECTROMES ST7294 


8-BIT HOCMOS MCUs WITH EEPROM 


PRELIMINARY DATA 


a 2.5 to 5.5V supply operating range 

a 4MHz Maximum Clock Frequency 

a Fully static operation 

m -25 to +85°C Operating Temperature Range 
a Run, Wait, Stop and RAM Retention Modes 


=» User ROM: 6144 bytes 
Data RAM: 224 bytes 
EEPROM: 256 bytes 


a 28 pin Dual In Line and SO plastic packages 
a 22 bidirectional I/O lines 


a 6 lines programmable as interrupt wake-up 
inputs 


s 16-bit timer with 1 input capture and 2 output 
compares 


a 2V RAM retention mode 
a Master Reset and power on reset 
a Full Hardware Emulator 


a User mask options: 
- internal clock for timer (+ 2,+ 4,+ 8) 
- pinout for ICAP and OCMP1 signals 
- enable wake-up function on PORT C 
- open drain on PORT A —— (1) 


- pull-up on PORT A and PORT B INT 1 Vss 

- Watchdog enable/disable after Reset RESET U 2 Vop 

- Watchdog enable during WAIT mode OSCin [| 3 PAO 

a 8-bit data manipulation OSCout U 4 PA1 

$"% PB7 [| 5 PA2 

s 74 basic instructions PB6 16 PA3 

a. 10 main addressing modes PB5 [| 7 PA4 

, Nee PB4 0 8 PA5 

a 8x8 unsigned multiply instruction ee oae 

a true bit manipulation PB2 [1 10 PAZ 

=» Complete development support on real time PBI 11 PCO (ICAP) 

emulator with PC/DOS PBo [| 12 PG1 (OCMP1) 

a» Full software package (Cross Assembler, pes He nee 


VROA1734 


Note 1. This pin is also the VPP Input for EPROM based devices 
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1 GENERAL DESCRIPTION 


1.1 INTRODUCTION 


The ST7294 is a HCMOS microcontroller unit 
(MCU) from the ST72 family. It is based around an 
industry standard 8 bit core and offers an en- 
hanced instruction set. The processor runs with an 
external clock at 4 MHz with a 5V supply and 2MHz 
with a 3V supply. Due to the fully static design of 
this device, operation down to DC is possible. Un- 
der software control the ST7294 can be placed in 
WAIT or HALT mode thus reducing power con- 


Figure 1. ST7294 Block Diagram 


OSCIN —>[] OSCILLATOR 
& SLOW 
OSCOUT ES MODE DIVIDER 


INT a CONTROL |i<— 


8 BIT CORE 
ALU 


oO O 
Bb 


ROM 
| ord es | 


RAM 
224 bytes > 
EEPROM c= 
256 bytes 


sumption. The enhanced instruction set and ad- 
dressing modes afford real programming poten- 
tial. In addition to standard 8 bit data 
management the ST7294 features true bit ma- 
nipulation, 8x8 unsigned multiplication and indi- 
rect addressing modes. The device includes an 
on-chip oscillator, CPU, ROM, RAM, EEPROM, 
I/O, and one timer with 1 input capture and 2 out- 
put compare systems. 


Y— PORT A God PAO-PA7 (8 BIT) 


‘—Y|  PORTB i PBO-PB7 (8 BIT) 
—Y|  porTC 


oa) TIMER 
SYSTEM 


WATCHDOG 2 


PCO-PC5 (6 BIT) 


ba 
a 


ICAP (PCO) 
OCMP1 (PC1) 


V 
POWER feat 
SUPPLY yO 
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1.2 PIN DESCRIPTION 


Vpp. Single power supply voltage 2.5 to 5.5V. 
Vss. Ground 


OSCin, OSCout. Oscillator input and output pins. 
These pins are to be connected to a parallel reso- 
nant crystal or ceramic resonator. An external 
clock source can also be input through OSCin. 


RESET. The active low input signal forces the in- 
itialization of the MCU. This eventis the first priority 
non maskable interrupt. This pin is switched output 
low when the Watchdog has released. It could be 
used to reset external peripherals. 


INT is the external interrupt signal. Software con- 
figuration allows four triggering modes. 


ICAP (PCO). Input capture signal going to the 
TIMER system. This signal, according to a mask 
option, can be an ICAP pin or PCO pin. When PCO 
is defined as ICAP, the internal pull-up resistor is 
not connected. 


OCMP1 (PC1). Output compare signal coming 
from the TIMER system. This output signal, ac- 
cording to a mask option, can be an OCMP1 
pin(for output compare 1 of the timer) or PC1 pin. 
When PC1 is defined as OCMP'1, the internal pull- 
up resistor is not connected. 


317294 


PAO-PA7, PBO-PB7, PCO-PC5. These 22 lines 
are standard I/O lines, programmable as either in- 
put or output. 


- PORT A. 8 Standard I/O lines, bit programmable, 
accessed through DDRA and DRA Registers. Ac- 
cording to a mask option, each output can be de- 
fined as a standard push-pull output port or as an 
open drain output port. According to another mask 
option, a pull-up resistor (250kQ typical at 
Vpp=3.5V) can be added on each line when it is 
defined as an input. 


- PORT B. 8 Standard I/O lines bit programmable 
accessed through DDRB and DRB Registers. Ac- 
cording to a mask option, a pull-up resistor (250kQ 
typical at Vpp=3.5V) can be added on each line 
when it is defined as an input. 


- PORT C. 6 Standard I/O lines accessed through 
DDRC and DRC Registers. According to a mask 
option, these 6 lines can become 6 falling edge 
sensitive interrupt lines all linked to a single inter- 
rupt vector or 6 standard input ports tied to Vdd 
through an internal pull-up resistor (250kQ typical 
at Vop = 3.5V). These negative edge sensitive in- 
terrupt lines can wake-up the ST7294 from WAIT 
or HALT mode. This feature allows to build low 
power applications when the ST7294 can be 
waken-up from keyboard push. 
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PIN DESCRIPTION (Continued) 
Table 1. ST7294 Pin Configuration 


Name 
INT 
RESET I/ 


. 
[sanaaPon opewannaoey | 
[saniPon hoowannatiy SiC 
| a a 

) 


Description ns 
P Assignment 


I/ 

/ 

I/ 

(0 _| SendarsPon tpemermabey | 
/ | ) 
I/ 

/ 

/ 

I/ 

/ 


O 
O 
O 
0 
O 
O 


: 
far 
red 
oe 
re 
eid a 
ae 
ae a 

a 


PA7 
PA6 
PA5 
PA4 ) 
PA3 ( ) 
PA2 O Standard Port (bit programmable) 
PAI ) 
PAO 
Vop 
Vss 


PB7 
PB6 
PB4 
PB3 
PB2 
PB1 
PBO 
PC5 
PO4 
PC3 
PC2 


O 
O 
O 
O 
O 
O 
O 


PC1 (OCMP1) 
PCO (ICAP 


/ 
/ 
/ 


O 
O 
O 
O 
O 


0 | Sen Pontpoganmaty 
0 | Sin Por ogame) 


4/53 {yz SGS-THOMSON 
S/ A MICROELECTRONICS 
172 


1.3 CENTRAL PROCESSING UNIT 


1.3.1 Introduction 


The CPU has a full 8-bit architecture. Six internal 
registers allow efficient 8-bit data manipulations. 
The CPU is able to execute 74 basic instructions. It 
features 10 main addressing modes. It is able to 
address 8192 bytes of memory and registers with 
its program counter. 


1.3.2 CPU Registers 


The 6 CPU registers are shown in the program- 
ming model in Figure 2. Following an interrupt, the 
registers are pushed onto the stack in the order 
shown in Figure 3. They are popped from stack in 
the reverse order. The Y register is not affected by 
these automatic procedures. The interrupt routine 
must therefore handle it, if needed, through the 
POP and PUSH instructions. 


Accumulator (A). The accumulator is an 8-bit 
general purpose register used to hold operands 
and the results of the arithmetic and logic calcula- 
tions as well as data manipulations. 


Figure 2. Programming Model 


ACCUMULATOR: 


X INDEX REGISTER: 


Y INDEX REGISTER: 
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Index Registers (X and Y). These 8-bit registers 
are used to create effective addresses or as tem- 
porary storage area for data manipulations. The 
cross assembler generates a PRECEDE instruc- 
tion (PRE) to indicate that the following instruction 
refers to the Y register. The Y register is never 
automatically stacked. Interrupt routines must 
push or pop it by using the POP and PUSH instruc- 
tions. 


Program Counter (PC). The program counter is a 
16-bit register containing the address of the next 
instruction to be executed by the CPU. In the 
ST7294, only the 13 low order bits are used, bits 
13, 14 and 15 are forced to “O”. 


Stack Pointer (SP). The stack pointer is a 16-bit 
register. The 6 least significant bits contain the ad- 
dress of the next free location of the stack. The 10 
most significant bits are forced as indicated in Fig- 
ure 2. They are reserved for future extension of 
ST72 family. 


RESET VALUES: 
X X X X X X X X 


7 0 


EREZEE RE 


RESET VALUES: 
X X X KX X X X X 


7 0 


LTT Titty) 


RESET VALUES: 
X X X X KX X XK X 


RESET VALUES: 
RESET VECTOR (1FFEh:1FFFh) 


15 7 0 
stack POINTER: | 0] oj oo} ojojojol+}+/ { | | {I | 


RESET VALUES: 
0000 000 0 1 1 1 4 4 4 14 «41 


7 6 5 43 2 


RESET VALUES: 


X = Undefin 111710 1 90 1 +0 
Undefined VROB1767 


CONDITION CODE REGISTER: 
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CENTRAL PROCESSING UNIT (Continued) 


The stack is used to save the CPU context on sub- 
routines calls or interrupts. The user can also di- 
rectly use it through the POP and PUSH 
instructions. 


After a MCU reset or after the reset stack pointer 
instruction (RSP), the stack pointer is set to its up- 
per value (OFFh). It is then decremented after data 
has been pushed onto the stack and incremented 
after data is popped from the stack. When the 
lower limit is exceeded, the stack pointer wraps 
around to the stack upper limit. The previously 
stored information is then over written and there- 
fore lost. 


A subroutine call occupies two locations and an in- 
terrupt five locations. 


1.3.3 Condition Code Register (CC). 


The condition code register is a 5 bit register which 
indicates the result of the instruction just executed 
as well as the state of the processor. These bits 
can be individually tested by a program and speci- 
fied action taken as a result of their state. The fol- 
lowing paragraphs describe each bit. 


Figure 3. Stacking Order 


7 0 
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UNSTACK 
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X INDEX REGISTER 


Half carry bit (H). The H bit is set to 1 when a carry 
occurs between the bits 3 and 4 of the ALU during 
an ADD or ACC instruction. The H bit is useful in 
BCD arithmetic subroutines. 


Interrupt mask (I). When the | bit is set to 1, all in- 
terrupts are disabled. Clearing this bit enables 
them. Interrupts requested while | is set are latched 
and can be processed when | is cleared (only one 
interrupt request per interrupt enable flag can be 
latched). 

Negative (N). When set to 1, this bit indicates that 
the result of the last arithmetic, logical or data ma- 
nipulation is negative (i.e. the most significant bit is 
a logic 1). 

Zero (Z). When set to 1, this bit indicates that the 
result of the last arithmetic, logical or data manipu- 
lation is zero. 

Carry/Borrow (C). When set, C indicates that a 
carry or borrow out of the ALU occurred during the 
last arithmetic operation. This bit is also affected 
during bit test, branch, shift and rotate instructions. 


STACK 
(PUSH) 


DECREASING 
MEMORY 
ADDRESSES 


INTERRUPT 
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1.4 MEMORY MAP 


As shown in Figure 4, the MCU is capable of ad- 
dressing 8192 bytes of memory and |/O registers. 
Inthe ST7294, 6612 of these bytes are user acces- 
sible. 


The locations consist of 32 bytes of I/O registers 
(only 20 are used), 224 bytes of RAM, 256 bytes of 
EEPROM and 6Kbytes of user ROM. The RAM 


Figure 4. Memory Map 
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space includes 64 bytes for the stack from OFFh to 
OCOh. Programs that only use a small part of the al- 
located stack locations for interrupts and/or sub- 
routine stacking purpose can use the remaining 
bytes as standard RAM locations. 


The highest address bytes contains the user de- 
fined reset and interrupt vectors. 
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MISCELLANEOUS REGISTER 


12h | TIMER CONTROL REGISTER 


13h 
14h 
15h 
16h 
17h 
\ 18h 
\19h 


‘tAh| ALTERNATE COUNTER HIGH REGISTER 
1Bh| ALTERNATE COUNTER LOW REGISTER 


1En| COMPARE HIGH REGISTER 2 
1Fh‘) _COMPARE LOW REGISTER 2 


1FFOh 
1FFth 

J AFF2h 
1FFOh 
1FF4h} TIMER OVERFLOW (High Byte) 
1FFSh 
1FFh 
1FFTh 
1FF8h| TIMER INPUT CAPTURE (High Byte) 
1FFoh 
1FFAn 
1FFBH 
1FFCh 
1FFOh 
1FFEN 
1FFFh 
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1.5 WATCHDOG SYSTEM 


The watchdog system consists in a divider-by-8 
counter and a fixed divide-by-1024 prescaler. It is 
controlled through bit WDOG of the Miscellaneous 
Register. Two mask options are provided. 


The watchdog enable mode mask option selects 
the state of the watchdog system after an external 
or a power-on reset. In the “programmable enable” 
option, a reset causes the watchdog to be disabled 
and the counter to be forced to zero. When the 
watchdog is configured with the “programmable 
enable” option, the watchdog system is enabled by 
setting the WDOG bit of the Miscellaneous Regis- 
ter (OCh). Only an external or a power-on reset can 
clear WDOG and disable the watchdog system. 


Whatever the option, when the watchdog counter 
is enabled, it is driven by the CPU clock through 
the divide-by-1024 prescaler (i.e. the counter clock 
period is 1024 CPU clock cycles). It is reset to zero 
by writing WDOG at 1. Asystem reset is generated 
if the counter reaches it maximum count (8). To 
avoid a system reset, the software must therefore 
reset the counter at least after a time tdog from the 
last clear or from the time the watchdog system 
has been enabled. 


Care has to be taken when enabling the counter 
(“programmable enable” option only). The pres- 
caler is actually in an unknown state at the time 
WDOG is set. The first rising edge can thus be sent 
to the watchdog counter after a time comprised be- 
tween 0 and 1024 CPU clock cycles. In this mode, 
the first reset of the watchdog counter should 
therefore not occur later than 6x1024 CPU clock 
cycles after it has been enabled. 


The system reset is generated by pulling down the 
RESET pin for at least one and a half CPU clock 
cycle. The state of the RESET pin is re-entered, 
thus causing an external reset to be issued. 


The WATCHDOG DURING WAIT mask option al- 
lows to determine the watchdog function during the 
WAIT low power mode. In the “active during WAIT” 
option, the watchdog is kept active, thus able to re- 
set the MCU if it remains in WAIT mode longer than 
the watchdog timeout period. In the “suspended 
during WAIT” option, it suspends operation during 
the WAIT mode and resets its counter. It will then 
resume operation when exiting the WAIT mode. 


The HALT mode is inhibited when the watchdog 
system is enabled. However if a HALT instruction 
is executed while it is enabled, a watchdog reset is 
immediately generated. 


1.6 MISCELLANEOUS REGISTER 


Miscellaneous Register (000Ch) 
Read/Write 


Reset Value: 0001 000 (10h) 


This register is a various 8-Bit register where only 
Abits are used for interrupt, slow mode and Watch- 
dog purposes. 


7 0 
= [owe Tom] — [= [= [a Jr 


b7, b4-b2 = Unused 


b6 = INTP: External Interrupt Positive allows to se- 
lect the INT line triggering mode in conjunction with 
INTN. It can only be modified when the | bit of the 
CCR is set. 


b5 = ININ :External Interrupt Negative allows to se- 
lect the INT line triggering mode in conjunction with 
INTP. It can only be modified when the | bit of the 
CCR is set. 


b1 = SM: Slow Mode. Setting this bit to “1" enables 
Slow Mode, thus reducing power consumption. In 
this mode, an extra divider by 16 is added in the 
clock circuitry. 


bO = WDOG: Watchdog System. Whatever the 
WATCHDOG ENABLE MODE mask option, the 
watchdog counter is reset when WDOG is written 
at 1. When the MCU is configured with the “pro- 
grammable enable” option, the WDOG bit is low af- 
ter a reset. It must be set to enable the watchdog 
system. Only a reset can clear WDOG. 
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1.7 CLOCK SYSTEM 


1.7.1 General Description 


The MCU accepts either a Crystal/Ceramic resonator 
or an external clock to provide the internal oscillator. 
The internal clock (fop) is derived by a divide-by-2 from 
the external oscillator frequency (fosc). 


The slow mode function allows under software control 
to further slow down the internal clock, thus reducing 
power consumption. This feature is particular useful in 
WAIT mode. 


The slow mode is entered by setting the SM bit in the 
Miscellaneous Register (OCh). This mode affects all 
functions, including timer and EEPROM. The slow 
mode is exited by clearing SM or by entering the STOP 
mode. 


Crystal . The internal oscillator is designed to interface 
with an AT-cut parallel resonant quartz crystal resona- 
tor in the frequency range specified for fosc. The circuit 
shown on Figure 5 is recommended when using a 
crystal. The table lists the recommended capacitance 
and feedback resistance values. 


Use of an external CMOS oscillator is recommended 
when crystals outside the specified ranges are to be 
used. The crystal and components should be mounted 
as Close as possible to the input pins to minimize out- 
put distortion and startup stabilization time. 


Ceramic Resonator. A ceramic resonator may be 
used in place of the crystal in low cost applications. The 
Circuit on Figure 5 is recommended when using a ce- 
ramic resonator. The table lists the recommended ca- 
pacitance and feedback resistance values. The 
manufacturer of the particular ceramic resonator being 
considered should be consulted for specific informa- 
tion. 


External Clock. An external clock should be applied 
to the OSCin input with the OSCout pin not connected, 
as shown on Figure 6. The toxov and ti_cu specifica- 
tions do not apply when using an external clock input. 
The equivalent specification of the external clock 
source should be used instead of toxov or tiLcn. 
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Figure 5. Crystal/Ceramic Resonator 
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Figure 6. External Clock Source Connections 
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CLOCK SYSTEM (Continued) 


Figure 7. Equivalent Crystal Circuit 


OSCin OSCout 
Co 
VA00101 


Recommended Settings for Crystal 


Recommended Settings for Ceramic 
Resonator 


cose ee 
Coscout ae ae 


10/53 ISTA SGS-TH 


1.8 RESETS AND INTERRUPTS 


Resets are used to provide an orderly software 
startup procedure or to quit low power modes. 


Two reset modes are provided: a power-on reset 
and an external reset at pin RESET. The watchdog 
reset is considered as an external one though the 
watchdog system generates a MCU reset by pull- 
ing down the RESET pin. 


A summary of the effects of both reset modes on 
the different sections of the MCU is given in the fol- 
lowing Table. For further information, please refer 
to the part describing the particular section. 


1.8.1 External Reset 


The external reset is an active low input signal ap- 
plied to the RESET pin of the MCU. 


As shown in Figure 8, the RESET signal must stay 
low for a minimum of one and a half CPU clock cy- 
cles. A reset causes the reset vector to be fetched 
at addresses 01FFEh and 01FFFh in order to be 
loaded into the PC. 


The external reset is used by the watchdog system 
to reset the MCU. When active, the power-on reset 
circuitry pulls down the RESET pin. In both cases, 
the RESET pin can be used as an output to reset 
other devices. However, the pull down circuitry fea- 
tures a current limitation to allow the connection of 
any input signal, including from an RC type circuit. 


An internal Schmitt trigger at pin RESET improves 
noise immunity. 


1.8.2 Power-on Reset (POR) 


The power-on reset (POR) is generated upon de- 
tection of a positive transition on Vpp (refer to Fig- 
ure 8). It causes the reset vector to be fetched at 
addresses 01FFEh and 01FFFh in order to be 
loaded into the PC. 


An internal circuitry provides a 4096 CPU clock cycle 
delay from the time the oscillator becomes active. At 
the end of the power-on reset, the MCU can be 
maintained in the reset condition by the external re- 
set. The RESET pin can therefore be used to ensure 
Vpp has risen to a point where the MCU can properly 
operate before running the MCU program. 
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RESET AND INTERRUPTS (Continued) 


During the POR, the RESET pin is pulled low, thus 
permitting the MCU to reset other devices. 


The power-on reset is strictly used for power up 
conditions and should not be used to detect any 
drop in the power supply voltage. There is no pro- 
vision for a power-down reset. 


1.8.3 Interrupts 


The ST7294 may be interrupted by one of four dif- 
ferent methods: the three maskable hardware in- 
terrupts (INT, PORT C, or TIMER) and the 
non-maskable software interrupt (TRAP). The In- 
terrupt processing flowchart is shown in Figure 9. 
The maskable interrupts must be enabled in order 
to be serviced. However, disabled interrupts can 
be latched and processed when they are enabled. 
When an interrupt has to be serviced, the PC, X, A 
and CC registers are saved into the stack and the 
interrupt mask (I bit of the Condition Code Regis- 
ter) is set to prevent additional interrupts. The Y 
register is not automatically saved. The stack order 
is shown on Figure 3. 


The PC is then loaded with the interrupt vector of 
the interrupt to service and the interrupt service 
routine runs (refer to Table 3 for vector addresses). 
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It should finish by the IRET instruction which 
causes the contents of the registers to be recov- 
ered from the stack and normal processing to re- 
sume. Note that the | bit is then cleared if and only if 
the corresponding bit stored in the stack is zero. 


Though many interrupts can be simultaneously 
pending, a priority order is defined (see Table 4). 
The RESET pin has the highest priority. Then, if 
the | bit is low, the decreasing priority order is 
TRAP, INT, timer input capture, timer output com- 
pare, timer overflow and PORT C. If the | bit is set, 
TRAP is the only enabled interrupt. 


Interrupts allow the processor to leave low power 
modes. Refer to LOW POWER MODES for further 
information. 


Software Interrupt. The software interrupt is the 
TRAP executable instruction. The interrupt is rec- 
ognized when the TRAP instruction is executed, 
regardless to the | bit state. When the interrupt is 
recognized, it is serviced according to the flowchart 
on Figure 9. 


External Interrupt. The external interrupt is gen- 
erated through the INT pin. The interrupt is en- 
abled if the | bit of the CCR is cleared. 


Table 2. List of sections affected by RESET, WAIT and HALT 


seston ns [ron [ware [nar 


Timer Prescaler reset to zero 

Timer Counter set to FFFCh 

All Timer enable bit set to 0 (disable) 

Data Direction Regfisters set to 0 (as Inputs) 
Set Stack Pointer to OOFFh 


Force Internal Address Bus to restart vector 1FFEh, 1FFFh 


Set Interrupt Mask Bit (I-Bit, CCR) to 1 (Interrupt Disable) 
Set Interrupt Mask Bit (I-Bit, CCR) to 0 (Interrupt Enable) 
Reset HALT Latch 

Reset INT Latch 

Reset WAIT Latch 

Disable fop Clock (for 4096 cycles) 

Set CPU Clock to 0 

Set Timer Clock to 0 

SM-Bit cleared 

Watchdog counter reset 

Watchdog WDOG-BIT reset 

EEPROMs control bits reset 
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RESET AND INTERRUPTS (Continued) 


The INTN and INTP bits of the Miscellaneous Reg- 
ister (OCh) allow selection of the interrupt triggering 
mode among the 4 available ones. Refer to Table 
3 for the triggering mode coding. 


In order to avoid conflicts and spurious interrupts, 
the external interrupt options can only be changed 
when the | bit is set. Any attempt to change the op- 
tions while | is reset fails. When the options are 
changed any pending interrupt is lost. 


When an enabled interrupt occurs, normal proc- 
essing is suspended at the end of the current in- 
struction execution. It is then processed according 
to the flowchart on Figure 9. 


If the interrupt is disabled (I high), the triggering 
edge of the INT line is internally latched and the in- 
terrupt remains pending to be processed as soon 
as the interrupt is enabled (the low level sensitive 
interrupt is not latched and can therefore not re- 
main pending). This internal latch is cleared in the 
first part of the service routine. Therefore, one, and 
one only, external interrupt can be latched and 
serviced as soon as enabled. 


Figure 8. Reset Timing Diagram 


Voo | A 
| 
I 
I 
| 
OSCin 
| 
toxov 


Figure 10 shows the mode timing diagram for the 
interrupt line. Two methods are described. The first 
method shows single pulses on the interrupt line 
spaced far enough apart to be serviced. The mini- 
mum time between pulses is a function of the num- 
ber of cycles required to execute the interrupt 
service routine plus 21 cycles. Once a pulse oc- 
curs, the next pulse should not occur until the MCU 
software has exited the routine (an IRET instruc- 
tion occurs). 


The second configuration shows several interrupt 
lines “wire-ORed” to form the interrupts at the proc- 
essor. Thus, if after servicing one interrupt the in- 
terrupt line remains low, then the next interrupt is 
recognized. 


PORTC Interrupt. The PORTC Interrupt can be 
generated on the falling edge of one pin PCO-PC5 
if it is defined as an interrrupt source. When an en- 
abled interrupt occurs, normal processing is sus- 
pended at the end of the current instruction 
execution. It is then processed according to the 
flowchart on Figure 9. 
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RESET AND INTERRUPTS (Continued) 


Table 3. External Interrupt Options 


External Interrupt Options 


‘Negative edge and Low level sensitive 
Negative edge only 
Positive edge only : 
Positive and negative edge sensitive 
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RESET AND INTERRUPTS (Continued) 


If the interrupt is disabled (I high), the triggering 
edge of the wake-up interrupt sources logical-OR 
is internally latched and the interrupt remains 
pending to be processed as soon as the interrupt is 
enabled. This internal latch is cleared in the first 
part of the service routine. Therefore, one and one 
only external interrupt can be latched and serviced 
as soon as possible. 


Timer Interrupt. Four different timer interrupt 
flags are able to cause a timer interrupt when they 
are active if both the | bit of the CCR is reset and if 
the corresponding enable bit is set. If either of 
these conditions is false, the interrupt is latched 
and thus remains pending. 


The interrupt flags are located in the Timer Status 
Register (0013h). The Enable bit are in the Timer 
Control! Register (001 2h). 


Table 4. Interrupt and Reset priorities 


RESET and POWER-ON (POR) 
SOFTWARE Interrupt (TRAP) 
EXTERNAL Interrupt (INT) 
TIMER INPUT Capture 


1FFEh,1FFFh 
1FFCh,1FFDh 
1FFAh,1FFBh 
1FF8h,1FF9h 
1FF6h,1FF7h 
1FF4h,1FF5h 
1FF2h,1FF3h 
1FFOh,1FF Ah 


TIMER OVERFLOW 
Reserved 
PORTC Wake-up 


Figure 10. Timing Diagram for Interrupt Line 


Vector Address | Interrupt Source Masked by 


TIMER OUTPUT Compares (1 and 2) 


When an enabled interrupt occurs, normal proc- 
essing is suspended at the end of the current in- 
struction execution. it is then serviced according to 
the flowchart on Figure 9. Software in the timer 
service routine must determine the priority and 
cause of the timer interrupt by examining the inter- 
rupt flags and the status bits located in the TSR. 


The general sequence for clearing an interrupt is 
an access to the status register while the flag is set 
followed by a read or write of an associated regis- 
ter. Note that the clearing sequence resets the in- 
ternal latch. A pending interrupt (i.e. waiting for 
being enabled) will therefore be lost if the clear se- 
quence is executed. 


Refer to 16 BIT TIMER for further information. 


NORMALLY 

USED WITH 

WIRE-ORED 
CONNECTION 


VRO00079 


14/53 ICT SGS-THOMSON 
SS IF, wicROELECTROMICS 


182 


1.9 LOW POWER MODES 


Table 2 gives a list of the different sections affected 
by the low power modes. For detailed information 
on a particular devices, please refer to the corre- 
sponding parts. 


HALT Mode. The HALT mode is the MCU lowest 
power consumption mode. The HALT mode is en- 
tered by executing the HALT instruction. The inter- 
nal oscillator is then turned off, causing all internal 
processing to be stopped, including the operation 
of the on-chip peripherals. The HALT mode cannot 
be used when the watchdog is enabled, if the 
HALT instruction is executed while the watchdog 
system is enabled, a watchdog reset is generated 
thus resetting the entire MCU. 


When entering the HALT mode, the | bit in the Con- 
dition Code Register and the SM bit in the Miscel- 
laneous Register are cleared. Thus, the external 
interrupts are allowed and the MCU is placed at its 
nominal speed (see CLOCK SYSTEM). All other 
registers and memory remain unaltered and all I/O 
lines remain unchanged. 


The MCU can exit the HALT mode upon reception 
of either an external interrupt or PORTC or a 
power-on or external reset. The oscillator is then 
turned on and a stabilization time is provided be- 
fore releasing CPU operation. The stabilization 
time is 4096 CPU clock cycles. 


After the start up delay, the CPU continues opera- 
tion by servicing the interrupt which wakes it up or 
by fetching the reset vector if a reset wakes it up. 
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WAIT Mode. This mode is a low power consump- 
tion mode, but the power consumption is higher 
than in the HALT mode. The consumption can be 
further reduced by entering the slow mode. 


The WFI instruction places the MCU in the WAIT 
mode. 


In the WAIT mode, the internal clock remains ac- 
tive but‘all CPU processing is stopped; however, 
the programmable timer remains in his previous 
state. The watchdog can either be active or not ac- 
cording to the WATCHDOG DURING WAIT mask 
option. 


During the WAIT mode, the | bit in the condition 
code register is cleared to enable all interrupts. 


All other registers and memory remain unaltered 
and all parallel I/O lines remain unchanged. 


An interrupt or a reset causes the MCU to exit the 
WAIT mode. An interrupt while the MCU is in the 
WAIT mode causes the corresponding interrupt 
vector to be fetched, the interrupt routine to be 
executed and normal processing to resume. A re- 
set causes the program counter to fetch the reset 
vector and processing starts as for a normal reset. 


DATA RETENTION Mode. The contents of RAM 
and CPU registers are retained at supply voltage 
as low as 2.0 volts. This is referred to as the data 
retention mode, where the data is held, but the de- 
vice is not guaranteed to operate. 
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LOW POWER MODES (Continued) 


Figure 11. HALT Function Flow Chart 
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Figure 12. WAIT Flow Chart 
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2 FUNCTIONS DESCRIPTION 


2.1 EEPROM 


An internal charge pump avoids the need of exter- 
nal high voltage supply for the erase and program- 
ming functions. 


8 data registers allow simultaneous write or erase 
of 1 to 8 bytes in the EEPROM array. 

2.1.1 Functional Description 

As shown on Figure 22, the EEPROM is a 8 col- 
umns by 32 rows array. The row is selected by the 
A7, A6, A5, A4, A3 bits. Each column is associated 
to an 8-bit data register. 

Read Operation (E2LAT=0). 

The EEPROM can be read as a normal ROM when 
the E2LAT bit of the Control Register is low. When 
E2LAT is low, the E2PGM and E2ERA bits are 
forced low. 


Figure 13. EEPROM Block Diagram 
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Write/Erase Operation. (E2LAT=1) 

When E2LAT is set to “1”, a write to an EEPROM 
location latches the data in the 8-bit register corre- 
sponding to the decoded column and marks the 
decoded row. 

As there are 8 columns in each row, up to 8 loca- 
tions (having the same A7, A6, A5, A4, A3 address 
bits) can be simultaneously written or erased. 


To erase bytes, set the E2LAT and E2ERA bits, 
then write to the EEPROM addresses to be erased 
(data value is not significant) and at least set the 
E2PGM bit to turn the charge pump on. 

To write bytes, set the E2LAT bit, then write the 
data in the appropriate EEPROM addresses, and 
at least set the E2PGM bit to turn the charge 
pump on. 
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EEPROM (Continued) 


Note 1. It is mandatory to erase bytes before writ- 
ting them. 

Note 2. E2LAT must be kept high during a time 
tprog and then be cleared . 

Note 3. When E2LAT is high, access to the 
EEPROM array is impossible. 

Note 4. It is impossible to perform successives 
write or erase without clearing E2LAT. 


Warning. User programs must not run from the 
EEPROM (only data space). 


EEPROM CONTROL REGISTER (07h) 


Read/Write 
Reset Value: 0000 0000 (00h) 


7 0 
[ime [re [a [ = [ = sear on 


This register contains the bits required to read, 
erase and program the EEPROM. They are de- 
fined as follow: 


Bit 7, 6, 5 = Reserved 
Bit 4,3 = Unused 


Bit 2 = EZERA EEPROM Erase 

E2ERA must be set to “1" for an erase operation. It 
must be set after or at the same time as E2LAT. It 
cannot be changed once 1 EEPROM address is 
selected. It is held low when E2LAT is low. It is 
therefore automatically reset when E2LAT is reset. 


Bit 1 = EZLAT EEPROM Latch Enable 

When E2LAT is reset to “O", data can be read from 
the EEPROM. When it is set to 1" and E2PGM re- 
set to “O", a write into the EEPROM array causes 
the data to be latched, according to the address 
into one of 8 data registers. An additional bit is 
latched to select the row. The selected columns 
and row determine the locations involved in the 
next erase or programming operation. E2LAT must 
be cleared after each programming or erase op- 
eration. EZERA and E2PGM are forced low when 
E2LAT is low. 


Bit 0 = EZ2PGM EEPROM Program Mode 

This bit allows to switch on or off the internal 
charge pump. When set to “1", the charge pump 
generator is on: the high voltage is applied to the 
EEPROM array. When low, the charge pump gen- 
erator is off. E2PGM can only be reset by resetting 
E2LAT. 
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2.2 I/O PORTS 


2.2.1 Functional Description 


Ports A, B are 8-bit I/O ports, port C is a 6-bit I/O port. 
Each of their pins can be individually configured un- 
der software control as either input or output. 


Each bit of any DDR corresponds to an |/O pin of 
the associated port. A bit must be set to configure 
its associated pin as output and must be cleared to 
configure its associated pin as input. The Data Di- 
rection Registers can be written or read. 


The typical I/O circuit is shown on Figure 14. Any 
write to an I/O port updates the port output register 
even if it is configured as input. Any read of an I/O 
port returns either the data latched in the port out- 
put register (output configured pins) or the value at 
the I/O pin (input configured pins) (see Table 6). 
At power-on or external reset, all DDR’s are 
cleared, which configures all port A, B and C pins 
as inputs, but the port output registers are not in- 
itialized. Thus, the I/O port should be written to be- 
fore setting the DDR bit to avoid undefined levels. 


Figure 14. I/O Pin Typical Circuit 
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According to mask option, each Port A bit can be 
defined as an Input/Output line or as an Input/Out- 
put drain line. When programmed as input, each 
port line may be tied to Vpp through an internal 
pull-up resistor (by option). 


According to mask option, each PORT B bit can be 
tied to Vpp through an internal pull-up resistor if de- 
fined as input. 


According to mask option, each PORT C bit can be 
configured as wake-up interrupt input with an inter- 
nal pull-up resistor. To enter this mode, the corre- 
sponding bit in DDR must be set to 1 and the 
corresponding bit in DR must be set to 0. 

This mode can only be reached for PCO and PC1 if 
they have not been configured as ICAP or OCMP1 
respectively. 


All unused I/O lines should be tied to an appropri- 
ate logic level (either Vpp or Vss). 
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I/O PORTS (Continued) 
Table 6. I/O Pin Functions 


a 
ee 
a a ee 
er oed er ae 


The state of the I/O pin is read. 
The I/O pin is in an output mode. The output data latch is read. 


* R/W 1s an internal signal 


DATA REGISTERS DATA DIRECTION REGISTERS 
Port A: 00h Port A: 04h 

Port B: 01h Port B: 05h 

Port C: 03h Port C: 06h 

Read/Write Read/Write 

Reset Value: Undefined Reset Value: 00h (as inputs) 
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2.3 16 BIT TIMER 


The 16-bit programmable timer consists of a 16-bit 
free running counter driven by a mask option con- 
figurable prescaler and control logic for one input 
capture and two output compare registers. It can 
be used for many purposes including pulse length 
measurement of one input signal and generation of 
one output waveform. 


Pulse lengths and waveform periods can vary from 
several microseconds to many seconds because 
of the mask option configurable prescaler. When 
used with a 4MHz CPU clock, the timer has a reso- 
lution of either 0.5, 1 or 2ms according to the se- 
lected TIMER CLOCK mask option. 


Because the timer has a 16-bit architecture, each 
of its specific function block is represented by two 
registers. These registers contain the high order 
byte and low order byte of that function. However 
an access to the high order byte inhibits that spe- 
cific timer capability until the low order byte is also 
accessed. 


Note that correct software procedures should set 
the | bit of the Condition Code Register before ac- 
cessing the high order byte to prevent an interrupt 
from occurring between the accesses to the high 
and low order bytes of any register. 


The timer block diagram is shown on Figure 14: 
Table 7. Timer Clock Mask Options 


Timer Prescaler directed 
by ratio (1) 


Slow 8 


Standard 


Fast 


Note 1 : The timer clock is obtained by dividing the internal clock by 
the prescaler ratio. 


2.3.1 Functional Description 


Counter. The key element of the programmable 
timer is a 16-bit free running counter or counter 
register. It is preceded by a prescaler which divides 
the internal clock by two, four or eight according to 
the selected TIMER CLOCK mask option (see Ta- 
ble 7). 


Software can read the counter at any time without 
affecting its value. It can be read from two loca- 
tions, the Counter Register (001 8h, 0019h) and Al- 
ternate Counter Register (001Ah, 001Bh). The 
only difference between these two read-only regis- 
ters is the way the overflow flag TOF is handled 
during a read sequence. 
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A read sequence containing only a read of the 
least significant byte of the free running counter 
(from either the Counter Register or the Alternate 
Counter Register) will receive the LSB of the count 
value at the time of the read. A read of the most sig- 
nificant byte (from either the Counter Register or 
the Alternate Counter Register) simultaneously re- 
turns the MSB of the count value and causes the 
LSB to be transferred into a buffer. 


The buffered value remains unchanged until the 
16-bit read sequence is completed, even if the user 
reads the MSB several times. The read sequence 
is completed by reading the free running counter 
LSB, which actually returns the buffered value. 


As shown on Figures 16, 17 and 18, the free run- 
ning counter is configured to FFFCh during reset. 
During a power-on reset (POR), the counter is also 
configured to FFFCh and begins running after the 
oscillator startup delay. 


When the counter rolls over from FFFFh to 0000h, 
the Timer Overflow flag (TOF) of the Timer Status 
Register (TSR) is set. A timer interrupt is then gen- 
erated if the TOIE enable bit of the Timer Control 
Register (TCR) is set, provided the | bit of the CCR 
is cleared. If one of these conditions is false, the in- 
terrupt remains pending to be issued as soon as 
they are both true. The interrupt request is cleared 
by reading TSR while TOF is set followed by an ac- 
cess (read or write) to the LSB of the Counter Reg- 
ister. 


The TOF flag is not affected by accesses to the Al- 
ternate Counter Register. This feature allows si- 
multaneous use of the overflow function and reads 
of the free running counter at random times (for ex- 
ample, to measure on elapsed time) without risking 
to clear the TOF flag erroneously. Accesses to the 
timer without the intention of servicing the TOF flag 
should therefore be performed to the Alternate 
Counter Register while only the TOF service rou- 
tine accesses the Counter Register. 


The free running counter can be reset under soft- 
ware control. This is performed by writing to the 
LSB of either the Counter Register or the Alternate 
Counter Register. The counter and the prescaler 
are then configured to their reset conditions. This 
reset also completes any 16-bit access sequence. 
All flags and enable bits are unchanged. 


The value in the counter registers repeats every 
either 131072, 262144, or 524288 internal proces- 
sor clock cycles according to the TIMER CLOCK 
option. As shown on Figures 16, 17 and 18, the 
counter increment is triggered by a falling edge of 
the CPU clock. 
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16 BIT TIMER (Continued) 
Figure 15. Timer Block Diagram 
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16 BIT TIMER (Continued) 
Figure 16. Timer Timing Diagram, Fast Mask Option 
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Figure 17. Timer Timing Diagram, Standard Mask Option 
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16 BIT TIMER (Continued) 


Figure 18. Timer Timing Diagram, Slow Mask Option 
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The timer is not affected by the WAIT mode. In the 
HALT mode, the counter stops counting until the 
mode is exited. Counting then resumes from pre- 
vious count (MCU awaken by an interrupt) or from 
reset count (MCU awaken by a reset). 


input Capture. The ST7294 features one input 
capture register and one input capture interrupt en- 
able bit. 


Input Capture Register (ICR1) is a 16-bit register 
made up of two 8-bit registers: the most significant 
byte register (ICHR1), located at 014h, and the 
least significant byte register (ICLR1) located at 
015h. 


ICR1 is a read-only register used to latch the value 
of the free running counter after a defined transi- 
tion is sensed by the input capture edge detector at 
pin ICAP. This transition is software programmable 
through the IEDG1 bit of the Timer Control Regis- 
ter (TCR). When IEDG1 is set, a rising edge trig- 
gers the capture; when IEDG1 is low, the capture is 
triggered by a falling edge. 


When an input capture occurs, the flag ICF1 in 
Timer Status Register (TSR) is set. An interrupt is 
requested if the interrupt enable bit ICIE of TCR is 
set, provided the | bit of the CCR is cleared. Other- 
wise, the interrupt remains pending until both con- 
ditions becomes true. It is cleared by reading the 
TSR followed by an access (read or write) to the 
LSB of ICR1. 
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The result stored in ICR1 is one more than the 
value of the free running counter on the rising edge 
of the internal processor clock preceding the active 
transition at pin ICAP (see Figure 19). This delay is 
required for internal synchronization. Therefore, 
the timing resolution of the input capture system is 
one count of the free running counter, i.e. 2,4 o0r8 
internal clock cycles according to the selected 
TIMER CLOCK mask option. 


The free running counter is transferred to ICR1 on 
each proper signal transition regardless of whether 
the Input Capture Flag ICF1 is set or cleared. The 
ICR1 always contains the free running counter 
value which corresponds to the most recent input 
capture. 


After a read of the MSB of ICR1 (ICHR1), counter 
transfer of input capture is inhibited until the LSB of 
ICR1 (ICLR1) is also read. This characteristic 
forces the minimum pulse period attainable to be 
determined by the time to service the interrupt and 
to execute the interrupt routine. 


A read of ICLR1 does not inhibit the counter trans- 
fer. Again, minimum pulse periods are the ones 
which allow software to read the least significant 
byte and perform needed operations. There is no 
conflict between the read of ICR1 and the running 
counter transfer since they occur on opposite 
edges of the internal processor clock (see Fig- 
ure 19). 
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16 BIT TIMER (Continued) 


The ICR1 is undetermined at power-on and is not 
affected by an external reset. Hardware circuitry 
has to provide protection from generating a wrong 
input capture when changing the edge sensitivity 
option of ICAP pin through the IEDG1 bit. 


During the HALT mode, if at least one valid input 
capture edge occurs at the ICAP pin, the input cap- 
ture detect circuitry is armed. This action does not 
set any timer flags nor “wake-up” the MCU. If the 
MCU is awaken by an interrupt, there is an active 
input capture flag and data from the first valid edge 
that occurred during the HALT mode. If the HALT 
mode is exited by a reset, the input capture detect 
circuitry is reset and thus, any active edge that 
happened during the HALT mode is lost. 


Output Compare. There are two output compare 
registers: Output Compare Register 1 and 2 
(OCR1 and OCR2). They can be used for several 


Figure 19. Input Capture Timing Diagram 
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purposes such as controlling an output waveform 
or indicating when a period of time has elapsed. 
OCMP'1 pin is associated with output compare 1; 
no pin is associated with output compare 2. 


The Output Compare Registers are unique be- 
cause all bits are readable and writable and are not 
affected by the timer hardware and reset. If a com- 
pare function is not used, the two bytes of the cor- 
responding Output Compare Registers can be 
used as storage locations. Note that the same out- 
put compare interrupt enable bit is used for both 
output compares. 


Output Compare Register 1. The Output Com- 
pare Register 1 (OCR1) is a 16-bit register, which 
is made up of two 8-bit registers: The most signifi- 
cant byte register (OCHR1) at address 0016h and 
the least significant byte register (OCLR1) at ad- 
dress 0017h. 


| 
l 
| 


VRO01180 


Note . The diagram represents the case of a rising edge sensitivity (IEDG1=1). The capture is performed at the next rising edge of T11, if the 


action edge of ICAP happened before the previous T10 falling edge 
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16 BIT TIMER (Continued) 


The content of OCR1 is compared with the content 
of the free running counter once during every timer 
clock cycles, i.e. once every 8, 4 or 2 internal proc- 
essor clock periods according to the TIMER 
CLOCK mask option. If match is found, the Output 
Compare Flag OCF 1 of the TSR is set and the Out- 
put Level bit (OLVL1) of the TCR is clocked to the 
OCMP1 pin (see output compare timing diagram 
on Figures 19, 20, 21 ). 


OLVL1 is copied to the corresponding output level 
latch and hence, to the OCMP1 pin regardless of 
whether the Output Compare Flag (OCF1) is set or 
not. The value in the OCR1 and the OLVL1 bit 
should be changed after each successful compari- 
son in order to control an output waveform or es- 
tablish a new elapsed timeout. 


An interrupt accompanies a successful output 
compare if the corresponding interrupt enable bit 
OCIE of the TCR is set, provided the I-bit of the 
CCR is cleared. Otherwise, the interrupt remains 
pending until both conditions are true. It is cleared 
by a read of TSR followed by an access to the LSB 
of the OCR1. 

After a processor write cycle to the OCHR1 regis- 


ter, the output compare function is inhibited until 
the OCLR1 is also written. Thus, the user must 


write both bytes if the MSB is written first. A write 
made to only the LSB will not inhibit the compare 
function. The minimum time between two succes- 
sive edges on the OCMP‘1 pin is a function of the 
software program and the selected TIMER CLOCK 
option mask. 


The OCMP1 output latch is forced low during reset 
and stays low until valid compares change it to a 
high level. Because the OCF1 flag and the OCR1 
are undeterminate at power-on and are not af- 
fected by an external reset, care must be exercise 
when initiating the output compare function with 
software. The following procedure is recom- 
mended to prevent the OCF1 flag from being set 
between the time it is read and the write to OCR1: 


Write to OCHR1 (further compares are inhibited). 
Read the TSR (first step of the clearance of OCF 1 
[it may be already set)}). 

Write to OCLR1 (enables the output compare func- 
tion and clears OCF1). 


Output Compare Register 2. The Output Com- 
pare Register 2 (OCR2) is a 16-bit register, which 
is made up of two 8-bit registers: the most signifi- 
cant byte register (OCHR2) at address 001Eh and 


Figure 20. Ouput Compare Timing Diagram Slow Mask Option 
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Note 1 The CPU write to the compare registers may take place at any time but a compare only occurs at timer state T01 Thus an 8-cycle 
difference may exist between the write to the compare register and the actual compare 
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16 BIT TIMER (Continued) 
Figure 21. Output Compare Timing Diagram Standard Mask option 
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Note 1: The CPU write to the compare registers may take place at any time but a compare only occurs at timer state T01 Thus a 4-cycle differ- 
ence may exist between the write to the compare register and the actual compare. 


Figure 22. Output Compare Timing Diagram Fast Mask Option 
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Note 1: The CPU write to the compare registers may take place at any time but a compare only occurs at timer state T11. Thus a 2-cycle differ- 
ence may exist between the write to the compare register and the actual compare. 
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16 BIT TIMER (Continued) 


the least significant byte register (OCLR2) at ad- 
dress 001Fh. 


This register works as the Output Compare Regis- 
ter 1. For a complete description, please, refer 
above in substituting the appropriate index in the 
bit and register names. 


Software Force Compare. The force compare ca- 
pability main purpose is to facilitate fixed frequency 
generation. 


When the Force Output Level 1 bit (FOLV1) of TCR 
is written to 1, OLVL1 is copied to pin OCMP1. To 
provide this capability, internal logic allows a single 
instruction to change OLVL1 and causes a forced 
compare with the new value of OLVL1. OCF1 is 
not affected and thus, no interrupt request is gen- 
erated. 


2.3.2 Timer Registers 
TIMER CONTROL REGISTER (0012h) 


Read/Write 

Reset Value: 0000 00X0 (00h or 02h) 

The TCR is an 8 bit read/write register. Its eight bits 
are defined as follow: 


7 0 
ICIE | OCIE | TOIE | — [row Poeel IEDG1 | OLVL1 


Bit 7 = ICIE /nout Capture Interrupt Enable 

lf ICIE is set, a timer interrupt is enabled whenever 
the ICF1 status flags of TSR are set. If the ICIE bit 
is cleared, the interrupt is inhibited. 

Bit 6 = OCIE Output Compare Interrupt Enable 

If OCIE is set, a timer interrupt is enabled when- 
ever the OCF1 or OCF2 status flags of TSR are 
set. If the OCIE bit is cleared, the interrupt is inhib- 
ited. 

Bit 5 = TOIE Timer Overflow Interrupt Enable 

If TOIE is set, a timer interrupt is enable whenever 
the TOF status flag of TSR is set. If the TOIE bit is 
cleared, the interrupt is inhibited. 


Bit 4 = Unused 


Bit 3 = FOLV1 Force Output Compare 1 

When written to 1, FOLV1 forces OLVL1 to be cop- 
ied to the OCMP1 pin. FOLV1 has no effect other- 
wise. It can only be reset by a system reset. 


Bit 2 = Unused 


Bit 1 = IEDG1 /nput Edge 1 
The value of the IEDG1 determines which level 
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transition on pin ICAP will trigger a free running 
counter transfer to the ICR1. When IEDG‘1 is high, 
a rising edge triggers the capture since when low, 
a falling edge does. 


Bit 0 = OLVL1 Output Level 1 
The OLVL1 bit is copied to the OCMP1 pin when- 
ever a successful comparison occurs at OCR1. 


TIMER STATUS REGISTER (0013h) 


Read Only 
Reset Value: Undefined 


The Timer Status Register (TSR) is an 8-bit regis- 
ter of which the five most significant bits contain 
read-only status information and the three least 
significant bits are not used. 


7 0 
jiort Joort| or | — Jocra] — | = | = 


Bit 7 = |ICF1 /nput Capture Flag 1 

ICF1 is set when a proper edge has been sensed 
by the input capture edge detector at pin ICAP. 
The edge is selected by the IEDG1-bit in TCR. 
ICF1 is cleared by a processor access to the TSR 
while ICF1 is set followed by an access (read or 
write) to the low byte of ICR1 (ICLR1). 


Bit 6 = OCF1 Output Compare Flag 1 

OCF1 is set when the content of the free running 
counter matches the content of OCR. It is cleared 
by a processor access of TSR while OCF1 is set 
followed by an access (read or write) to the low 
byte of OCR1. 


Bit 5 = TOF Timer Overflow 

TOF is set by a transition of the free running 
counter from FFFFh to O00Oh. It is cleared by a 
processor access to TSR while TOF is set followed 
by an access (read or write) to the low byte of the 
counter low register. TOF is not affected by an ac- 
cess to the Alternate Counter Register. 


Bit 4 = Unused 


Bit 3 = OCF2 Output Compare Flag 2 

OCF2 is set when the content of the free running 
counter matches the content of OCR2. It is cleared 
by a processor access of TSR while OCF2 is set 
followed by an access (read or write) to the low 
byte of OCR2. 


Bit 2, 1, 0 = Unused. 
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3 SOFTWARE AND CHARACTERISTICS 


3.1 SOFTWARE DESCRIPTION 


3.1.1 Instruction Set 


The S77 instruction set is an 8 bit industry standard 
instruction set that can be divided into five major 
groups. All instructions of each group have the 
same addressing modes. 

Refer to ST7 MACRO ASSEMBLER USER’S 
GUIDE and ST7 PROGRAMMING MANUAL for 
detailed information. 


Group 1 : Register/Memory And Absolute Jump 
Group In this group most instructions contain two 
operands. One operand is inherently defined as 
either the accumulator or an index register. The 
other operand is fetched from memory using one of 
the allowed addressing modes. The absolute jump 
instructions are included in this group because 
they can use most of the addressing modes of the 
register/memory instructions. 


Examples: LD <ea>, a. This means that the mem- 
ory byte located at address <ea> is loaded with the 
8-bit content of the accumulator A. 


The list of the instructions of this group is given in 
Table 8. 


Group 2 : Read - Modify - Write Group These in- 
structions read a register or a memory location, 
modify its content and write the new value back. 


Example : RRC <ea>. This means that the content 
of the memory byte located at address <ea> is ro- 
tated right through the carry bit, the result is written 
in the memory <ea> and the carry bit. 


The list of the instructions of this group is given in 
Table 9. 


Group 3 : Bit Manipulation And Test Group Bit 
manipulation instructions can set or clear any bit 
within the first 256 memory locations, except for 
ROM (020h - 04F) and read-only registers located 
at alee 03h, OBh, 010h, 013h, 014h and 
015h. 


Example: BSET <ea>, #b. This sets the bit #b of 
memory location <ea>. 


Test instructions can test any bit of the first 256 
memory locations and jump conditional within an 8 
bit PC-relative displacement. 


Example: BTJT <ea>, #b, ee. This corresponds to 
the relative jump (displacement = ee) if bit number 
#b of memory location <ea> is set. (Bit test and 
jump if true). 

The list of the instructions of this group is given in 
Table 10. 
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Group 4 : PC-Relative Jump Group These in- 
structions execute a PC-relative jump (8-bit dis- 
placement) depending on the state of the flag bits 
inside the condition code register (H, |, N, Z, C 
flags). 


Example: JRC ee. This means jump with displace- 
ment ee from actual the PC value if the carry bit is 
set, else execute the next instruction. 


The list of the instructions of this group is given in 
Table 11. 


Group 5 : Miscellaneous Group These instruc- 
tions are mainly control instructions on registers, 
stack, interrupts, subroutines and power down 
modes. 


The multiply instruction is included in this group. It 
performs an 8 x 8 bit unsigned multiplication be- 
tween one index register and the accumulator. The 
result is given as 16 bits, with the high order byte in 
the index register and the low order one in the ac- 
cumulator. 


The list of the instructions of this group is given in 
Table 12. 


3.1.2 Addressing Modes 


The CPU uses 9 main addressing modes to pro- 
vide the programmer with an opportunity to opti- 
mize his code in most applications. 


The various indexed addressing modes make it 
possible to locate data labels, code conversion ta- 
bles and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte in- 
structions, while the longest instructions (three 
bytes) allow access of tables throughout memory. 


Short absolute (direct) and long absolute (ex- 
tended) addressing modes are also included. Ex- 
tended addressing permits jump instructions to 
reach all memory. 


The various addressing modes differ from each 
other in computing the effective address (EA) i.e. in 
Calculating the address to or from which the argu- 
ment of an instruction is fetched or stored. The 
LSBEA is the least significant byte of the EA; the 
MSBEA is its most significant byte. The 17 ad- 
dressing modes of the processor are described 
below. 


The table of symbols is given in Table 9 while the 
effective address coding is given in Table 8. 
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SOFTWARE DESCRIPTION (Continued) 


In order to extend the number of op-codes avail- 
able for an eight bit CPU (256 op-codes), three 
“ore-byte” op-codes have been defined. These 
pre-byte have to be seen as pre-instructions that 
modify the meaning of the instruction they pre- 
cede. The whole instruction becomes: 


The pre-bytes are : 


PDY : 90h Transform an instruction in X using im- 
mediate, direct, indexed, direct bit or inherent ad- 
dressing modes to an instruction in Y using the 
same addressing mode. 


PIY : 91h Transform an instruction using X indexed 
addressing mode to an instruction using indirect Y 
indexed addressing mode. 


PIX : 92h Transform an instruction using direct, di- 
rect bit or direct relative addressing mode to an in- 
struction using the corresponding _ indirect 
addressing mode. It also transforms an instruction 
using X indexed addressing mode to an instruction 
using indirect X indexed addressing mode. 


The pre-byte is completely user transparent. It is 
part of the assembly code. 


PC-1 End of previous instruction 

PC Pre-byte 

PC +1  Op-code 

PC +2 Additional word (0 to 2) according to the 
number of byte required to compute the effective 
address. 

The pre-bytes enable instructions in Y as well as 
indirect addressing modes to be implemented. 


They precede the opcode of the instruction in X or 
of the instruction using a direct addressing mode. 


Table 8. Source Coding 


Addressing Mode Source Coding | Example 
a 
) 


Table 9. Table of Symbols 
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SOFTWARE DESCRIPTION (Continued) 


The addressing modes are discussed in the follow- 
ing paragraphs. 


Inherent. In inherent instructions, there is no EA 
as there is no operand to fetch or store. All the in- 
formation needed to execute the instruction is con- 
tained in the op-code. Operations specifying only 
an index register or the accumulator, and no other 
arguments, are included in this mode. 


Immediate. In immediate addressing the operand 
is stored in the byte immediately following the op- 
code. 


Direct Modes 


Direct. In the direct addressing mode, the effec- 
tive address is contained in a single byte following 
the op-code byte. Direct addressing allows the 
user to directly address the lowest 256 bytes in 
memory with a single two byte instruction. 


Extended. In the extended addressing mode, the 
effective address of the argument is contained in 
the two bytes following the op-code. Instructions 
with extended addressing modes are capable of 
referencing arguments anywhere in memory. 


Indexed Modes 


Indexed Without Offset. In the indexed without 
offset addressing mode, the effective address is 
contained in one index register (X or Y). This ad- 
dressing mode can therefore access the first 256 
memory locations. These instructions are only one 
byte long. 


This mode is mainly used to move a pointer 
through a table or to address a frequently refer- 
enced RAM or 1/0 location. 


Indexed 8 Bit Offset. The EA is obtained by add- 
ing the 8-bit unsigned contents of the second in- 
struction byte to the 8-bit unsigned content of the 
appropriate index register. This mode allows ad- 
dressing of 256 locations of the 511 lowest mem- 
ory locations. 


indexed 16 Bit Offset. The EA is obtained by 
adding the 16-bit unsigned value composed of the 
second (MSB) and the third (LSB) instruction bytes 
to the 8-bit unsigned content of the appropriate in- 
dex register. This mode allows addressing of 256 
locations anywhere in the memory map. 
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Indirect Modes 


Short Indirect. In this mode, the second byte of the 
instruction is used as a page zero address. The 
content of this page zero memory location is the 
LSB of the effective address. The MSBEA is zero 
(i.e. the effective address points to a page zero lo- 
cation). 


Long Indirect. In the long indirect mode, the sec- 
ond byte of the instruction is used as a page zero 
pointer. The MSBEA is the content of this location 
while the LSBEA is the content of the following 
page zero location. 


Indirect Indexed Modes 


Short Indirect Indexed. The second byte of the 
instruction is used as a page zero address. To ob- 
tain the LSBEA, the content of this page zero 
memory location is added to the 8- bit unsigned 
value contained in the specified index register. The 
MSBEA is zero (i.e. the effective address points to 
a page zero location). 


Long Indirect Indexed. In long indirect indexed 
mode, the second byte of the instruction is used as 
a page zero pointer. The 16-bit word read from this 
location (MSB at the pointed address and LSB at 
the following one) is added to the 8-bit unsigned 
value contained in the specified index register to 
form the 16-bit EA. 


Relative Modes 


Simple Relative. The relative addressing mode is 
used for branch instruction (e.g. Branch on bit, 
Branch on condition, Branch subroutine). The 
branch address (new value of PC) is calculated by 
adding a displacement given by the 8-bit signed 
byte following the op-code value to the actual con- 
tent of the PC. This means that the variation of PC 
value is in the range -126 to +129 from the op-code 
address (the offset value can be calculated by the 
assembler). 


Indirect Relative. The indirect relative addressing 
mode is similar to the relative mode but the content 
of the second byte of the instruction is used as a 
page zero address containing the 8-bit signed dis- 
placement value to be added to the actual content 
of the PC (i.e. address of the op-code plus 2). 
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SOFTWARE DESCRIPTION (Continued) 
Direct Bit Modes 


Bit Set And Clear. Bit Set/Clear mode is used to 
read-modify-write one single bit of a memory loca- 
tion in page zero, including I/O bits. The concerned 
memory location is given by the byte following the 
op-code (direct addressing mode) while the posi- 
tion of the bit to deal with is given in 3 bits included 
in the op-code. 


Bit Test And Branch. Bit test and branch mode 
gives a relative branch according to the value of a 
single bit of a memory location in page zero. The 
op-code contains 3 bits to define the bit to test ata 
location given by the byte immediately following 
the op-code. A third byte gives the 8-bit signed 
value of the PC-relative displacement. If the test is 
true, this displacement is added to the actual con- 
tent of the PC (i.e. op-code address plus 2) to form 
the new value of the PC. 
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Indirect Bit Modes 


Indirect Bit Set And Clear. Indirect Bit Set/Clear 
mode works similarly to the bit Set/Clear mode ex- 
cept that the address of the concerned byte is the 
content of the location pointed by the second byte 
of the instruction. 


Indirect Bit Test And Branch. This mode works 
as the bit test and branch mode but the tested byte 
is the content of the location pointed by the second 
byte of the instruction. 
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SOFTWARE DESCRIPTION (Continued) 


Example 
ADDRESSING MODES 


FUNCTION SOURCE CODING 


Table 10. Register/Memory and Absolute Jump Group 


ADDRESSING MODE 
FUNCTION SOURCE CODE 


me | oiee [enna] mao [ weor® [ners 
[savanna [eon [ amst | ame? | oon" | oro | cee | oom? 
saacwnnonoy [es sucess | one [ ane? | vce™ | ore? | vee | ve? 

a 


3 D2 ° 


3 D4° 


3 DA°® 


3 
4 F3 $ 


w 
O 
awh, 
on on 


memory 


Call subroutine 
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SOFTWARE DESCRIPTION (Continued) 
Table 11. Read - Modify - Write Group 


SiGe 
vom [TS Dg ow ae | 

Direct +d8 +[ad8] 
jIncrement = 1 i yee | i yee | 2 366°. | 366°. | | 3926C® | | 3926C® | 
revs P| fame | se Taare [ae 
a a a ee ae 


One’s 3 5 5 6 8 


Vine Ses an ad 


Negate 3 3 5 7 5 6 8 
essonperen = nas 


Vind [reese | [sso [e000 [arco 


Rotate Left 3 3 5 7 5 8 


(Y |(Vindex) 2 | 290594 | 29079° | 39069’ | 391698 


ee fee [oe fee] Pow [oer 
eee eee 
fwd | | aon ||| senna | acta? | actea 


Shift Left 3 3 5 7 5 6 8 


(Yindex) aa ae > 9058 4 | 290788 } 390687 | | s9tee® | 


Shift Right 3 3 5 5 6 8 


(Y (Yindex) | 2 | 290574 | 290574 E | 290778 | | 290778 | 39067’ | 391678 


ee ole w leer] wr | ot [eee 
Le oe eed aM ee 
ee em ae eae ae 
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SOFTWARE DESCRIPTION (Continued) 


Table 12. Bit Manipulation And Test Group 
ADDRESSING MODES 
FUNCTION SOURCE CODE 
Indirect Relative 
Bit Test and Jump if True BTJT <ea>, #b, ee| 3 (00+2*b)° 4 92(00+2*b) ’ 
Bit Test and Jump if False 3 (01+2*b) ° 4 92(01+2"*b) ’ 


Table 13. PC-Relative Jump Group 


ADDRESSING MODES 
SOURCE CODE 
Indirect Relative 
JRT 


Jump Relative False J 3 9221 ° 


RF 
Jump Relative if Unsigned Greater JRUGT ee 
than 
Jump Relative if Unsigned Lower or JRULE ee 
Equal 


Jump Relative if Unsigned Greateror | spucr ee 3 5 
JRC ee 


Jump Relative Carry [mc ee | 
Jump Relative if Unsigned Lower than | sruLT ee ae | 


Jump Relative if Not Equal JRNE 


FUNCTION 


Jump Relative True 


(Jump Relative always) 


| 


ee 
ee 
ce 


Jump Relative if Equal JREQ 


Jump Relative if Half Carry JRH ee | 228° =| a c208F 


Jump Relative if Not Half Carry JRNH 


Jump Relative if Plus IRPL ee 3 922A ° 


Jump Relative if Minus 


JRMI ee 
Jump Relative if Not Interrupt Mask 
Jump Relative if Interrupt Mask ae eee ee ee ee ee 
a a 
Jump Relative if Interrupt Line High 
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SOFTWARE DESCRIPTION (Continued) 


Table 14. Miscellaneous Group 
FUNCTION SOURCECODE | XINDEX 


, 421 


WN 

0) 
<e) ice) <e] 
eo) $s N 
no De) nN 


# 


Load iX with acc. a content 


> > 
ey a 


H 


1 OF ? 


0) 
}H- 
~ 


Multiply (iX, A = iX* A) MUL 


, 9E ? 


se) 
nN 


She 


1 96 ° 


Load iX with Stack p. content 
Load X // with Y // content 
Load Y // with X // content LD 


OP 
RET 
TRAP 


LD 
LD 
LD 
LD 
LD 
LD Ik po 
LD 


~< 
KK 


KK 
mx 


~ 1X 


, 844 
1 89° 
, 85% 


# 


(ce) oO foe) (ee) 
wm} >Y oO | > roe) 
~ ro ) wo 


1 864 


1 98 2 
, 99 ? 


1 9C 2 


1 9D 2 


oe) 
oo 
r=) 
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3.2 ELECTRICAL CHARACTERISTICS 


Power considerations 


Ty, the average chip-junction temperature in Cel- 
sius can be calculated from the following equation: 
Ty= Ta + (Pp x @Ja) (1) 

Where: 


. Ta is the Ambient Temperature in °C, 


. 6Ja ithe Package Thermal Resistance, 
Junction-to-Ambient in °C/W, 


. Pp the sum of Pint and Pyo, 


- Pint equals Icc time Vcc, 
Watts-Chip Internal Power 


- Pyo the Power Dissipation on Input and Output 
Pins, User Determined. 


Thermal Characteristics 


Thermal Resistance 


PDIP28 
PSO28 


ST7294 


For most applications Pyo < Pint and can be ne- 
glected . 


Pport may be significant if the device is configured 
to drive Darlington bases or sink LED Loads. 


An approximate relationship between Pp and Ty (if 
Pyo is neglected) is: 

Pp = K+ (Ty + 273°C) (2) 
Therefore : 

K = Pp x (Ta + 273°C) + WAX Pp* (3) 


Where K is constant pertaining to the particular 
part, K can be determined from equation (3) by 
measuring Pp (at equilibrium) for a kwon Ta, Using 
this value of K, the values of Pp and Ty can be ob- 
tained by solving equations (1) and (2) iteratively 
for any value of Ta. 


Equivalent Test Load 


PAO-PA7 10.91kQ 


PBO-PB7 10.91kQ 


PCO-PC5 10.91kQ 


PBO-PB7 
PCO-PC5 


ISTA SGS-THOMSON 


Test Diagram 


R2 
(see Toble) 


TEST POINT 


C 
(see Table) 


R1 
(see Table) 


VRO01769 
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AC Electrical Characteristics 


Parameter Test Conditions 


Operating Supply Voltage |} RUN Mode 
HALT Mode 
EEPROM Write 
EEPROM Read 


Supply Current “”) RUN Mode 
Vpp=5V,fosc=4MHz 
Vpp=2.5V,fosc=1MHz 
Vpp=3.5V,fosc=455KHz 


WAIT Mode 
Vpp=5V,fosc=4MHz 
Vpp=2.5V,fosc=1MHz 
Vpp=3.5V,fosc=455KHz 

EEPROM Programming 
Vpp=5V,fosc=4MHz 
Vpp=3.5V,fosc=455KHz 

HALT Mode 
Vpp=5V, Ta=70°C 


Ouput Low Voltage Port A, B - Open Drain 
ILoap =200UA 


Note 1 Measured with a quartz for the 1 or 4MHz Frequency or with a ceramic resonator for 455KHz Frequency 
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DC Electrical Characteristics 
(Vop = 5.0V+10%, Vss = OV, Ta = operating temperature range, unless otherwise noted) 


somal sen [i [ae 


Output Voltage, Load < 10.0uA 


Output High Voltage 


| LOAD = 0.8mA, PAO-PA7,PBO-PB7,PCO-PC5 


Output Low Voltage 
(| LOAD = 1.6 mA) PAO-PA7,PB0-PB5,PCO-PC5,RESET 
Input High Voltage 
PAO-PA7,PB0-PB7,PCO-PC5, INT, RESET 
Input Low Voltage 


PAO-PA7,PB0-PB7,PCO0-PC5,INT, RESET 


Input Current : RESET, INT, ICAP ete 


Capacitance : Ports (as Input or Output) 


RESET, INT, ICAP 
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Control Timing . 


Parameter Test Conditions 


- 
< 
TS 


Frequency of Operation 


tiLCH HALT Mode Recovery Ceramic resonator 
Startup Time 
tAL External RESET Input 
Pulse Width 
tPORL Power RESET Ouput 
t Watchdog RESET 
DOGL _| Output Pulse Width 
Watchdog Time-out 


t EEPROM Programming 
PROG | Time (0 to 70) 
Interrupt Pulse Width 
tLIH INT 
PORTC 


Interrupt Pulse Period 
[oon | Poverupriseime 


Note 1 The minimum period tiLIL should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 


—_ 
_s 
— 


Vppmin 


oO 
—_, 
rs 
BB 


cycles. 
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3.3 PACKAGE MECHANICAL DATA 


Figure 23. 28-Plastic Dual In line Package, 600-Mil Width 


E1 


018 
0 06: 


Oo;lr | jo Oo 

om oO 

be | 

TIS SIZ|SIB|B 


J 
° 
2 
7 1D 
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Number of Pins 


1 N/2 VROO1725 


(an) 

x 

o|o 

Z|8 
ololo 

— 

—_ 


wy 
— 
NM 


_ 
~] 
~ 
_ 
co 
—_ 


al 


—_ 
ie) 
~~“ 


a 
S 


a 
| 10.0 
eal 
10.40 
= 
as 


Number of Pins 


VROO1 726 
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3.4 ORDERING INFORMATION 


Ordering Information Table 


- Sales Types Memory Type Temperature Range 
‘ PDIP28 
6K ROM -0 to + 70°C PSO28 
‘ PDIP28 


ST7294B1 
ST7294M1 


ST7294B8 
ST7294M8 
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ST7294 MICROCONTROLLER OPTION LIST 


CUSTIONIGR oe certs es att Ge ees oe BN ee Sr aoe GRE ce wae a ee ad Se aera ctes 
Address: 


SGS-THOMSON Microelectronics references 

Package [ ] Plastic Dual in Line [ ] Plastic Small Outline 
Temperature Range [ ] Oto 70°C [ ] -25 to 85°C 
[ ] 


Software Development [ ] Customer SGS-THOMSON 
[ ] External Laboratory 


For marking one line with 11 characters maximum is possible 
Special Marking [ ] (y/n) ” Letters, digits,’ .’,’ -’, '/ and spaces only 


OPTION LIST: 


TIMER CLOCK ] STANDARD (fop/4) 
] FAST (fop/2) 
] SLOW (fop/8) 
Watchdog ENABLE MODE ] Software Enable [ ] Auto Enable 
Watchdog during WAIT ] Active during WAIT mode [ ] Suspend during WAIT mode 


Enable Wake-up on PORTC ] PORTC 6-bit /O PORT 
] PORTC interrupt Wake-up inputs 


Pinout for ICAP (PCO) ] ICAP is bonded on pin 18 
] PCO is bonded on pin 18 


Pinout for OCMP1 (PC1) ] OCMP1 is bonded on pin 17 
] PC1 is bonded on pin 17 


PORT A Outputs ] Standard push-pull output PORT 
] Open Drain output PORT 


PORT A Pull-up } No pull-up 
] Pull-up when a line is defined as an Input 


PORT B Pull-up [ ] No pull-up 
] Pull-up when a line is defined as an Input 
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8-BIT EPROM HCMOS MCUs WITH EEPROM 


PRELIMINARY DATA 


a 3V to 5.5V supply operating range 

a 4MHz Maximum Clock Frequency 

a Fully static operation 

a -25 to +85°C Operating Temperature Range 
a Run, Wait, Stop and RAM Retention Modes 


a User EPROM: 7168 bytes 
Data RAM: 224 bytes 
EEPROM: 256 bytes 


a 28-pin Plastic Dual In Line and SO package for 
ST72T94 OTP version 


= 28-pin Ceramic Dual In Line package for 
ST72E94 EPROM version 


a 22 bidirectional I/O lines 


a 6 lines programmable as interrupt wake-up 
inputs 


= 16-bit timer with 1 input capture and 2 output 
compares 


a 2V RAM retention mode 
a Master Reset and power on reset 
a Full Hardware Emulator 


« Compatible with ST7294 (6K) and ST7293 
(3.3K) ROM devices 


a 8-bit data manipulation 


a 74 basic instructions 


CDIP28 


= 10 main addressing modes 


a 8x8 unsigned multiply instruction 


= true bit manipulation (Ordering Information at the end of the datasheet) 


=» Complete development support on real time 
emulator with PC/DOS 


» Full software package (Cross Assembler, 
debugger) 
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1 GENERAL DESCRIPTION 


1.1 INTRODUCTION 


The ST72E94 and ST72T94 (following mentioned 
as ST72E94) are EPROM members. with 
EEPROM of the ST72 family of microcontrollers, in 
windowed ceramic (E) and plastic OTP (T) pack- 
ages respectively, completely developped and 
produced by SGS-THOMSON Microelectronics 
using a n-well proprietary HCMOS process.The 
EPROM parts are fully compatible with their ROM 
versions and this datasheet will thus provide only 
information specific to the EPROM based devices. 
THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST7294 AND ST7293 
ROM-BASED DEVICES FOR FURTHER DE- 
TAILS. 


The EPROM ST72E94 may be used for the proto- 
typing and the pre-production phases of develop- 
ment, can be configured as either a standalone 
microcontroller with 7K bytes of on-chip ROM, 
either as a microcontroller able to manage external 
memory. 


Figure 1. ST72E94 Block Diagram 


OSCILLATOR INT 
& SLOW 
MODE DIVIDER 


CONTROL \+— 


8 BIT CORE 
ALU 


O|s<l5 oO 
1 


OSCIN —L] 
OSCOUT «—{] 


CLOCK 


INT / V, gE 


i 


cs EPROM = 
7168 bytes 
RAM = 
224 bytes 
EEPROM (em 
256 bytes 


The ST72E94 is a HCMOS microcontroller unit 
(MCU) from the ST72 family. It is based around an 
industry standard 8 bit core and offers an en- 
hanced instruction set. The processor runs with an 
external clock at 4 MHz with a 5V supply and 2MHz 
with a 3V supply. Due to the fully static design of 
this device, operation down to DC is possible. Un- 
der software control the ST72E94 can be placed in 
WAIT or HALT mode thus reducing power con- 
sumption. The enhanced instruction set and ad- 
dressing modes afford real programming 
potential. In addition to standard 8 bit data man- 
agement the ST72E94 features true bit manipu- 
lation, 8x8 unsigned multiplication and indirect 
addressing modes. The device includes an on- 
chip oscillator, CPU, EPROM, RAM, EEPROM, 
[/O, and one timer with 1 input capture and 2 out- 
put compare systems. 


[ren ee 


‘Y} porte |(—7 4 
—Y)  PORT C 


TIMER 
SYSTEM 


WATCHDOG = 


PAO-PA7 (8 BIT) 


PBO-PB7 (8 BIT) 


PCO-PC5 (6 BIT) 


ICAP (PCO) {f 


POWER 


a 
SUPPLY _—_ 
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1.2 PIN DESCRIPTION 


Vpp. Single power supply voltage 3 to 5.5V. 
Vss. Ground 


OSCin, OSCout. Oscillator input and output pins. 
These pins are to be connected to a parallel reso- 
nant crystal or ceramic resonator. An external 
clock source can also be inputed thru OSCin. 
RESET. The active low input signal forces the in- 
itialization of the MCU. This eventis the first priority 
non maskable interrupt. This pin is switched output 
low when the Watchdog has released. It could be 
used to reset external peripherals. 

INT/Vpp is the external interrupt signal. Software 
configuration allows four triggering modes. In the 
EPROM programming Mode, this pin acts as the 
programming voltage input Vpp. 

ICAP (PCO). Input capture signal going to the 
TIMER system. This signal, according to a mask 
option, can be an ICAP pin or PCO pin. When PCO 
is defined as ICAP, the internal pull-up resistor is 
not connected. 

OCMP1 (PC1). Output compare signal coming 
from the TIMER system. This output signal, ac- 
cording to a mask option, can be an OCMP1 
pin(for output compare 1 of the timer) or PC1 pin. 
When PC1 is defined as OCMP'1, the internal pull- 
up resistor is not connected. 


Figure 2. Pin Configuration 
INT!” 
RESET 
OSCin 
OSCout 
PB7 
PB6 
PB5 PA4 
PB4 PAS 
PB3 PA6 
PB2 PA7 
PB1 PCO (ICAP) 
PBO PC1 (OCMP1) 
PC5 PC2 
PC4 PC3 


Vss 
Vpp 
PAO 
PA1 
PA2 
PA3 


1 
2 
3 
4 
3 
6 
7 
8 
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Note 1. This pin is also the Vpp input for EPROM based device 
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PAO-PA7, PBO-PB7, PCO-PC5. These 22 lines 
are standard I/O lines, programmable as either in- 
put or output. 


- PORT A. 8 Standard I/O lines, accessed through 
DDRA and DRA Registers. According to a bit of the 
byte option, outputs can be defined as a standard 
push-pull output port or as an open drain output 
port. According to a bit of the byte option, a pull-up 
resistors (250kQ typical at Vpp=3.5V) can be 
added on each line when it is defined as an input. 


- PORT B. 8 Standard I/O lines accessed through 
DDRB and DRB Registers. According to a bit of the 
byte option, a pull-up resistor (250kQ typical at 
Vpp=3.5V) can be added on each line when it is 
defined as an input. 


- PORT C. 6 Standard I/O lines accessed through 
DDRC and DRC Registers. According to a bit of 
the byte option, these 6 lines can become 6 falling 
edge sensitive interrupt lines all linked to a single 
interrupt vector or 6 standard input ports. When 
these 6 lines are enabled as inputs, they are tied to 
Vpp through an internal pull-up resistor (250kQ 
typical at Vpp = 3.5V). These negative edge sensi- 
tive interrupt lines can wake-up the ST72E94 from 
WAIT or HALT mode. This feature allows to build 
low power applications when the ST72E94 can be 
waken-up from keyboard push. 
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PIN DESCRIPTION (Continued) 
Table 1. ST72E94 Pin Configuration 


Pin 
Assignment 


Standard Port (falling edge interrupt line) 
or output compare 

Standard Port (falling edge interrupt line) 
or input capture 


free 
[roe 


PC1 (OCMP1) 
PCO (ICAP) 


PA6 


PA5 


A 


v 


A 


a 
> 
N 


PA1 


v 
oO 


IN 
> 
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A 
DD 


Vss 
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1.3 CENTRAL PROCESSING UNIT 


1.3.1 Introduction 


The CPU has a full 8-bit architecture. Six internal 
registers allow efficient 8-bit data manipulations. 
The CPU is able to execute 74 basic instructions. It 
features 10 main addressing modes. It is able to 
address 8192 bytes of memory and registers with 
its program counter. 


1.3.2 CPU Registers 


The 6 CPU registers are shown in the program- 
ming model in Figure 3. Following an interrupt, the 
registers are pushed onto the stack in the order 
shown in Figure 4. They are popped from stack in 
the reverse order. The Y register is not affected by 
these automatic procedures. The interrupt routine 
must therefore handle it, if needed, through the 
POP and PUSH instructions. 


Accumulator (A). The accumulator is an 8-bit 
general purpose register used to hold operands 
and the results of the arithmetic and logic calcula- 
tions as well as data manipulations. 


Figure 3. Programming Model 


ACCUMULATOR: 


X INDEX REGISTER: 


Y INDEX REGISTER: 


RESET VALUES: 
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Index Registers (X and Y). These 8-bit registers 
are used to create effective addresses or as tem- 
porary storage area for data manipulations. The 
cross assembler generates a PRECEDE instruc- 
tion (PRE) to indicate that the following instruction 
refers to the Y register. The Y register is never 
automatically stacked. Interrupt routines must 
push or pop it by using the POP and PUSH instruc- 
tions. 


Program Counter (PC). The program,counter is a 
16-bit register containing the address of the next 
instruction to be executed by the CPU. In the 
ST72E94, only the 13 low order bits are used, bits 
13, 14 and 15 are forced to “0”. 


Stack Pointer (SP). The stack pointer is a 16-bit 
register. The 6 least significant bits contain the ad- 
dress of the next free location of the stack. The 10 
most significant bits are forced as indicated in Figure 
3. They are reserved for future extension of ST72 
family. 


RESET VALUES: 
X X X X X X X X 


7 0 


RESET VALUES: 
X X X X X KX X X 


7 0 


Rae aRee 


RESET VALUES: 
X X X X KX KX XK X 


7 0 


RESET VECTOR (1FFEh:1FFFh) 


15 7 0 
stack poINTER: | 0] oj] ofolo}ojojol i+] | | | | | | 


RESET VALUES: 
0 0 00 


CONDITION CODE REGISTER: 


X = Undefined 


ie SGS-THOMSON 
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000014 171 74 4 4 «4 ~41 


7 65°43 2 


RESET VALUES: 
1131041 0 71 ~0 
VROB1767 
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CENTRAL PROCESSING UNIT (Continued) 


The stack is used to save the CPU context on sub- 
routines calls or interrupts. The user can also di- 
rectly use it through the POP and PUSH 
instructions. 


After a MCU reset or after the reset stack pointer 
instruction (RSP), the stack pointer is set to its up- 
per value (OFFh). It is then decremented after data 
has been pushed onto the stack and incremented 
after data is popped from the stack. When the 
lower limit is exceeded, the stack pointer wraps 
around to the stack upper limit. The previously 
stored information is then over written and there- 
fore lost. 


A subroutine call occupies two locations and an in- 
terrupt five locations. 


1.3.3 Condition Code Register (CC). 


The condition code register is a 5 bit register which 
indicates the result of the instruction just executed 
as well as the state of the processor. These bits 
can be individually tested by a program and speci- 
fied action taken as a result of their state. The fol- 
lowing paragraphs describe each bit. 


Figure 4. Stacking Order 


7 0 
CONDITION CODE 
ACCUMULATOR 


INCREASING 
MEMORY 


RETURN 


ADDRESSES 


UNSTACK 
(POP) 


X INDEX REGISTER 


Half carry bit (H). The H bit is set to 1 when acarry 
occurs between the bits 3 and 4 of the ALU during 
an ADD or ACC instruction. The H bit is useful in 
BCD arithmetic subroutines. 


Interrupt mask (I). When the | bit is set to 1, all in- 
terrupts are disabled. Clearing this bit enables 
them. Interrupts requested while | is set are latched 
and can be processed when | is cleared (only one 
interrupt request per interrupt enable flag can be 
latched). 

Negative (N). When set to 1, this bit indicates that 
the result of the last arithmetic, logical or data ma- 
nipulation is negative (i.e. the most significant bit is 
a logic 1). 

Zero (Z). When set to 1, this bit indicates that the 
result of the last arithmetic, logical or data manipu- 
lation is zero. 

Carry/Borrow (C). When set, C indicates that a 
carry or borrow out of the ALU occurred during the 
last arithmetic operation. This bit is also affected 
during bit test, branch, shift and rotate instructions. 


STACK 
(PUSH) 


DECREASING 
MEMORY 
ADDRESSES 


INTERRUPT 
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1.4 MEMORY MAP 


As shown in Figure 4, the MCU is capable of ad- 
dressing 8192 bytes of memory and I/O registers. 
In the ST72E94, 7696 of these bytes are user ac- 
cessible. 

Note: 


In the ST7293 only 3.25K bytes are user accessi- 
ble. This should be taken into account by the user 
when programming the ST72E94 to emulate the 
ST7293. 


Figure 5. Memory Map 


VO and REGISTERS 
32 Bytes 


RAM 
224 Bytes 


(STACK) 
64 Bytes 


EEPROM 
256 Bytes 


Option Byte 


RESERVED 
255 Bytes 


7K USER EPROM 
7168 Bytes 


RESERVED 
240 Bytes 


USER VECTORS 
16 Bytes 
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PORTS 
6 Bytes 


EEPROM/CPULK  [\ 
CONTROL 1 Byte 


RESERVED 


MISCELLANEOUS 
1 Byte 


RESERVED 


THER eee ee eed 
12 Bytes 12h 
TIMER STATUS REGISTER 
14h CAPTURE HIGH REGISTER 1 


ST72E94 - ST72T94 


The locations consist of 32 bytes of I/O registers 
(only 20 are used), 224 bytes of RAM, 256 bytes of 
EEPROM and 7Kbytes of user ROM. The RAM 
space includes 64 bytes for the stack from OFFh to 
OCOh. Programs that only use a small part of the al- 
located stack locations for interrupts and/or sub- 
routine stacking purpose can use the remaining 
bytes as standard RAM locations. 


The highest address bytes contains the user de- 
fined reset and interrupt vectors. 


fh [PORTA DATAREGISTER 
ee 
.{ "PORT DATA DIRECTION REGISTER | 


MISCELLANEOUS REGISTER 


TIMER CONTROL REGISTER 18 


18h 
teh 
17h 
\ 18h 
\ 19h 


‘4Ah| ALTERNATE COUNTER HIGH REGISTER 26 


mm NN NY 
& @QN = 


1Eh}| COMPARE HIGH REGISTER 2 30 
1Fh\| COMPARE LOW REGISTER 2 31 


1FFoh 
1FFth 
JAFFh 
1FF3h 
1FFAh 
1FFSH 
1FF6h 
1FFTh 
1FFBh 
1FFSh 
1FFAn 
1FFBh 
1FFCh 
1FFDh 
1FFEh 
1FFFh 
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1.5 OPTION BYTE 


An additional mode is used to configure the part for 
programming of the EPROM. This is set by a +12.5 
voltage applied to the INT/Vpp. The EPROM pro- 
gramming mode is entered during the reset phase 
if a 12.5 voltage applied to the INT/Vpr pin with the 
conditions of pin PC1=1 and pins PCO, PA6 and 
PA5=0. The 7K byte of EPROM memory may be 
programmed by using the EPROM Programming 
Boards (EPB) available from SGS-THOMSON. 


The ROM devices of the ST72 family can be con- 
figured through mask options. In EPROM devices, 
most mask options are replaced by EPROM bits 
grouped in the Option Byte. The configuration of 
the device is made by programming the Option 
Byte. 

The Option Byte is not in the user memory space. 
The Option Byte is accessed only if the device is in 
programming mode and location 0200h is ad- 
dressed. The EPB provides all the functionality to 
select and program the Option Byte. 

If adevice emulated by the ST72E94 does not fea- 


ture a particular mask option, the corresponding bit 
is not used. The Timer Clock is defined as Fop/4. 


7 0 
WDMS | PBIP | PCWS| PC1S | PCOS | PAOS | PAIP 


b7 = WIW: Watchdog in Wait. 
1 : Watchdog suspended during Wait 
0 : Watchdog active during Wait 
b6 = WDMS: Watchdog Mode Select. 
1 : Watchdog in Software Select Mode 
0 : Watchdog in auto-enable Mode 
b5 = PBIP: Port B Input Pull-up. 
1 : Pull-up enabled or Port B (when Input) 
0 : No Pull-up on Port B 
b4 = PCWS: Port C Wake-up Select. 
" 1: Port C I/O functions enabled 
0 : Port C Interrupt Wake-up Inputs enabled 
b3 = PC1S: PC7 Select. 
1 : Timer OCMP1 connected to pin 17 
0: PC1 I/O function connected to pin 17 
b2 = PCOS: PCO Select. 
1 : Timer ICAP connected to pin 18 
0 : PCO I/O function connected to pin 18 
b1 = PAOS: Port A Output Select. 
1 : Port A Output is Push-pull 
0 : Port A Output is Open-drain 
bO = PAIP: Port A Input Pull-up. 
1 : Pull-up enabled on Port A (when Input) 
0: No Pull-up on PortA 
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1.6 EPROM ERASURE (ST72E94 ONLY) 


The ST72E94 is erased by exposure to high inten- 
sity UV light through the transparent window. This 
exposure discharges the floating gate to its initial 
state through induced photo current. 


It is recommended that the ST72E94 be kept out of 
direct sunlight because the UV content of sunlight 
can cause temporary functional failure. Extended 
exposure to room level fluorescent lighting will also 
cause erasure. An opaque coating (paint, tape, la- 
bel, etc...) should be placed over the package win- 
dow if the product is to be operated under these 
lighting conditions. Covering the window also re- 
duces IDD in stop mode due to photo diode currents. 


An Ultraviolet source of wave length 2537A yield- 
ing a total integrated dosage of 15 Watt-sec/cm? is 
required to erase the ST72E94. This device will be 
erased in 15 to 20 minutes if an UV lamp with a 
12mW/cm? power rating is placed 1 inch from the 
lamp without filters. 
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1.7 PACKAGE MECHANICAL DATA 


Figure 6. 28-Ceramic Dual In line Package, 600-Mil Width 


jet [229] [279/009] [0.110 
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STATIC ANSWERING AND RECORDING CHIP 


The ST18XSTAR is a high quality low bit rate 
speech synthesis and recording system. Using 
ACELP type algorithms for voice compression at 
4800bps, it offers the most competitive compro- 
mise between speech quality and memory size. It 
also includes voice synthesis capability, generated 
from a non volatile memory to produce predefined 
messages. Including tone and DTMF detectors for 
remote control operation, it is suitable for use in an- 
swering machines, ' answering telephone sets, 
cordless answering telephone sets,voice mail sys- 
tems and memo recorders. 


» Low bit rate (4.8kbps) speech coding and decod- 
ing system. 

a Ultra low bit variable rate (<1.5kbps) speech syn- 
thesis message capability. 

= Voice storage memory capability up to 32Mbits. 


Integrated implementation on one Digital Signal 
Processor (DSP) chip. 


Low power design: 

- Single 5V power supply, 

- Maximum active power consumption 500mW, 
Sleep power Mode 1.5mA for ARAM refresh. 


Reduced size and power consumption suitable 
for standard voice answering and recording ma- 
chines, cordless phones with voice recording 
capability, memo recorders. 


a» Maximum flexibility provided with emulation 
ROMless version ST18RXSTAR. 


us Extended modes of operations and features : 


Fast and slow read/skip modes. Messages 
monitoring. 


Voice messages for remote operation through 
telephone line. 


- Possible use of SRAMs, DRAMs, ROMs or 
EPROMs. 


Advanced error correction algorithms allowing 
use of ARAMs. 


September 1993 


PRELIMINARY DATA 


PQFP100 


(Ordering information at the end of the datasheet) 


Programmable call progress and call waiting 
tone generators/detectors including DTMF,com- 
ply with PAA/TPA/AGH/1 764 specifications. 


Programmable voice activity detection for si- 
lence compression. 


Programmable output attenuation level (for re- 
mote call screening). 


Wide dynamic range (48dB). 


PCM 64Kbps coding mode for high-quality in- 
coming/outgoing messages. 


Versatile Interfaces 
3 to 1 muxed single-ended A/D input. 


2 D/A independently programmable output 
drivers. 


On-chip converters. 
Host processor parallel interface. 
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1PIN DESCRIPTION 
1.1 ST18XSTAR PIN DESCRIPTION 


Warning: This data sheet is related to ST18XSTAR. Final pinout and pin number assignement will be de- 
scribed in the next version. 


ae Memory interface (30 pins) 


MDO-MD7 a Data Bus: 1-bit or 4-bit DRAM’s, ARAM’s; 


8-bit ROM’s, EPROM’s, SRAM’s 


MAO-MA10 Multiplexed Address pins for A/DRAM’s 
Non Multiplexed Low Address pins for other memories 
MA11-MA16 Le Non Multiplexed High Address pins 


RASO-RAS1 Row Address Select pins for A/DRAM'’s: 
Active Low 
Tae Chip Select pin for SRAMS and EPROMS: 
MCS 
Active Low 
en Column Address Select pin for A/DRAM: 
CAS ; 
Active Low 
MWE Memory Write Enable 
Active Low 


A/D and D/A Converters (13 pins) 


eS 
ee 
ee 
a 
oe 
ae 
ne 
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PIN DESCRIPTION (Continued) 
Host Interface/Mailbox (13 pins) 


SDO0-SD7 
SRD 


between a host and the ST18XSTAR 


Handshake output line with microcontroller 
Handshake input line with microcontroller 


Transmit and Receive Frame synchronous 
Transmit and Receive Clock 


Transmit Data 


= 
< 
TC 

@ 


/O 
VO 


Reset of the DSP Core: Active Low 


Active Low 

(4.096MHz): No connect if not used 
External Clock or Internal Oscillator input 
Reserved 
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RESETC 


RESET 
XTAL 


EXTAL 


HALT-NOP 


TESTS 


ST18XSTAR 


PIN DESCRIPTION (Continued) 


Boundary Scan (11 pins) THOMSON ST18932 Boundary Scan development 
A set of 11 signals are dedicated for testing/emu- tools, to debug the application hardware and soft- 
lating the ST18XSTAR. These signals are used in ware. If not used the corresponding input signals 
a development phase, associated with the SGS- must be grounded. 


Scan Data Input 
Scan Clock 


a a 

a ne 

[0 [sanowacuet 

er 
0s eta 

ee 

ee 

[0 [tioionincen 

[0 [reasyseanfag 


a 


Positive Supply 


GND Digital Ground 


4/42 kayz SGS:THOMSON 
YM, wicrosLecrromes 
228 


2 FUNCTIONAL OUTLINE 


The ST18XSTAR is a fully integrated implementa- 
tion of the telephone static answering and record- 
ing machine functions. Except for the message 
storage memory, it comprises all the necessary 
parts for a full featured answerer. 


The ST18XSTAR realizes the following functions 
under host control: 


- 12-bit A/D (Delta-Sigma) and 10-bit D/A con- 
version. 


. storage memory interface, supporting up to two 
chips 1Mx4, 4Mx1, 4Mx4 DRAM’s or ARAM’s 
and ROMs/EPROMs. 


_ low-bit rate synthesized speech capability. 


ST18XSTAR 


- voice activity detection for silence compres- 
sion. 


. silence play-back with confident noise insertion. 


- error correction on mass storage data when 
ARAM is used. 


- DTMF and programmable call progress tone 
detection. 


- one or two frequency and level programmable 
tones generation with DTMF generation capa- 
bility. 

It does exist in an emulation version with a full ac- 

cess to the DSP program address and instruction 

bus called ST18RXSTAR for Romless and exXter- 
nal host. The standard version incorporates the 


, »DSP_ software in a ROM and is named 

- 4800 bps voice compression/decompression. ST18XSTAR. 
Z 5/42 
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3 INTERFACES 


3.1 INTERFACE WITH USER EXTERNAL 
MEMORIES 


For the user messages storage one or two 
ARAM/DRAM chips can be connected to the 
ST18XSTAR. Chips of 4Mx1, 1Mx4 and 4Mx4 are 


Figure 1. INTERFACE WITH USER EXTERNAL 


accepted. If two chips are used, they must be of the 
same organisation. 


Below are connection examples. Banks of four 1 
bit wide chips might of course replace the 4 bit wide 
chips. 


AO-A9 Address Bus — 


MAO0-MA9 


DO-D3 Data Bus 


MDO-MD3 


ST18XSTAR 


MAO-MA10 


AO-A10 Address Bus 


DO-D3 Data Bus 


MDO-MD3 ‘2 J 


ST18XSTAR 


VROO1907 
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INTERFACES (Continued) 


Figure 2. INTERFACE WITH USER EXTERNAL MEMORIES (Continued) 


AO-A16 Address Bus 
MAO-MA16 


DO-D7 Data Bus 
MDO-MD7 


ST18XSTAR 


Address bus 
MAO-MA16 


MDO-MD7 I 
DO-D3 AQ-A9 DO-D7 AQ-A16 


1M 
ST18XSTAR ROM 


MWE 
CAS 
RASO/1 
MCS 
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INTERFACES (Continued) 

3.2 INTERFACE WITH MANUFACTURER 3.3 MICROCONTROLLER INTERFACE 
MEMORIES The recommended mode of interface between the 
The manufacturer may create in ROMs, SRAMs or ST18XSTAR is the host interface mailbox. Figure 3 
EPROMs predefined messages allowing for exam- with a ST7 type microcontroller. However, use with 
ple remote control operation, time stamp, etc.. any other micro is possible. 


These memories can be connected to the storage 
memory interface part of the chip thus offering a 
large flexibility of choices. 


Figure 3. Microcontroller Interface typical application example. 


AUDIO RAM 


11 


AUDIO IN 


AUDIO OUT 


8 KEYBOARD 
4x4 


ST7294 


& 


OTHER 1/Os LINE IN USE 


CORDLESS OFF-HOOK HOOK-SWITCH CONTROL 
K-HANDSET OFF-HOOK + MESSAGE LED 

LINE SEIZER ON/OFF LED 

SPEAKER MUTE LOW BATTERY DETECTOR 
TL LINE MUTE LOW BATTERY LED 
AUTO-DISCONNECT POWER FAIL 

RING 
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INTERFACES (Continued) 


Connection Between ST18XSTAR and MCU 
This interface is realized through : 


- 8 bi-directional I/O lines (SDO-SD7); these lines 
can also be shared with an external keyboard. 


- 3 control signals : SCS (Mailbox Chip Select), 
SRD (Read) and SWR (Write). 


. 2 synchronization signals : MTOD and DTOM 
DSP access sequence: 


The data communication between microcontroller 
and ST18XSTAR is always initiated by the micro- 
controller and consist generally of a sequence of 
data exchanges. The SRD and SWR pins (active 
low) allow the microcontroller to READ and WRITE 
respectively the mailbox. 


During any data transmission (unique or multiple), 
a third wire , SCS must be maintained to a low level 
in order to select the ST18XSTAR in the case 
when the SDO-SD7 lines are also used to scan the 
keyboard. 


Protocol of the data exchange synchronization 


Two handshake signals are used to synchronize a 
bidirectional data exchange between the 
ST18XSTAR and the microcontroller. Messages 
may consist of a single or multiple bytes. 


MTOD. Signal driven low by the microcontroller to 
indicate : 


. that a data has been written 
ST18XSTAR mailbox (RIN register). 


- or that the micocontroller is ready to read a 
new byte in the mailbox (ROUT register). 


DTOM. Signal generated by the ST18XSTAR and 
may be connected to an interrupt input of the mi- 
crocontroller, indicate to the microcontroller that a 
byte is available in the mailbox (ROUT register) 
and can be read by the microcontroller. 


A communication between the microcontroller and 
the ST18XSTAR generally consists of a sequence 
of data exchanges and is always initiated by the 
microcontroller. For example, the micrcontroller 
can load a "DTMF request" and get back six bytes 
of information on DTMF status. 


Due to real-time processing constraints, the 
ST18XSTAR generally reserves a time slot for 
communication with its microcontroller at the end 
of each 30 ms speech frame.The SYNCHRO re- 
quest (See commands description) can be used by 
the microcontroller to get synchronized with the 
ST18XSTAR communication window. 


into the 


ST18XSTAR 


Figure 4. Communication Handshake Protocol 


VRO1959 


Step A: 

(MCU steps) may exist or not if no relevant data to 

write into RIN (when it requests a sequence of 

status bytes the MTOD line is asserted low di- 

rectly). 

Both MTOD and DTOM lines are high (idle mode). 
The microcontroller write a command 

or The microcontroller write an operand of 
command into the mailbox(RIN) 

then brings the MTOD signal low. 

Step B: 

The ST18XSTAR 
Read command in RIN, decode, process, and 
write data or status in ROUT 

or Read operand in RIN 

or Write status byte into ROUT 

then brings the DTOM signal low. 

Step C: 


The microcontroller read data if there is a signifi- 
cant data in the mailbox (ROUT) 


then brings the DTOM signal high. 

Step D (ST18XSTAR step): 

After MTOD rising edge, the DTOM signal goes 
high. 

Step E: handshake idle state 

This sequence of steps A-B-C-D-E can be re- 
peated several times : when a command or re- 
quest involves several operands to be sent by the 
microcontroller, or when a command or request 


from the microcontroller requires several status or 
parameter bytes to be return by the ST18XSTAR. 
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INTERFACES (Continued) 


3.4 ANALOG INTERFACE 


Three single-ended analog inputs are provided. 
The ST18XSTAR contains a register that allows to 
select one input among the three. The maximum in- 
put swing is 2.5V peak-peak. The input impedance 
is essentially capacitive. Its value is less than 
20pF. Resolution of the A/D is 12 bits. 


Two analog outputs are provided. Each one can be 
put in active state or driven to VCM state. The out- 
put swing is 280mV peak-peak on a 1kQ load. 
Resolution of the D/A is 10 bits. The maximum cur- 
rent of the output buffer is 200A. A 16-level at- 
tenuation is provided, from 0 to -28dB (+ infinite 
attenuation level, driven to VCM state) by 2dB 
steps. 


4 STORAGE MEMORY MANAGEMENT 
4.1 STORAGE POLICY . 


The ST18XSTAR partitions memory into sectors, 
and freely allocates sectors to messages through 
pointers. The sector size and the number of ad- 
dressable sectors are dependant upon the type of 
memory chips. 


Table 1. Types of Memory Chips 


4.2 INCOMING MESSAGES ALLOCATION 
TABLE DESCRIPTION 


The allocation table is a 512x16 bit word table al- 
lowing up to 128 messages depending on the mes- 
sage lengths. 
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5 SOFTWARE MANAGEMENT OF ST18XSTAR 
5.1 COMMAND AND REPORT DESCRIPTION 
Introduction 


The ST18XSTAR operation is fully controlled by 
the host microcontroller. It receives command 
bytes and returns report bytes. 


The command may indicate : 


_-a mode, i.e. the background task executed by 
the ST1 8XSTAR, m0-m5 = Current mode code 


- a request which will be executed during the e=1 There ts an error on the 
next communication window. request or mode 


p=1 There is a new event 
The status byte indicates the current operating during the mode execution 
mode, the occurence of an event (end of message, 
storage memory full,...) or an error (invalid com- 


Figure 7. Status Byte 


BOBREEHo 


mand....). Current mode code : 
Communication description WAIT mode set 

The microcontroller sends to the ST18XSTAR a IDLE = 000001 
command, which consists of one opcode byte, fol- DTME ~ 000010 
lowed by zero, one or more operands. The 

ST18XSTAR returns to the microcontroller a report DEFAULT = 000011 


which consists of one status byte, followed by zero, TONE DETECTION = 001000 
one or more operands. TONE GENERATION = 001100 
Figure 5. Opcode Byte RECORD = 010000 
PLAY-BACK = 010001 
SPEECH SYNTHESIS =010010 


le}s|efele} fo 
| 


Lo ——C—CCiéit7 


0 the Opcode 's a mode code 
1 the Opcode Is a request code 


Figure 6. Communication Description 


—— “OPCODE BYTE STATUS BYTE 
(MCU — ST18XSTAR) (ST18XSTAR —— MCU) 


OPERANDS OPERANDS 


(MCU —> ST18XSTAR) (ST18XSTAR — MCU) 
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued) 


Modes description 


When the microcontroller sends a mode com- 
mand, the ST18XSTAR returns a status byte and 
changes the background task. 


“WAIT” mode set 

The WAIT mode set contains three differents 
modes : IDLE, DTMF, and DEFAULT. In this 
mode, no speech processing task is performed. 


“IDLE” 
In this mode, the ST18XSTAR polls microcontroller 
commands, without performing any task. 


COMMAND FORMAT: 
byte 1 = 00000100 


REPORT FORMAT: 
byte 1 = status byte 


“DTMF” 
The “DTMF” performs the DTMF and energy de- 
tection. This mode operates properly only if 
“DTMF” initialisation has been made before the 
mode call. 
COMMAND FORMAT : 
byte 1 = 00001000 


REPORT FORMAT : 
byte 1 = status byte 


“DEFAULT” 
The “DEFAULT” mode performs the mode se- 
lected with the “DEFAULT?” initialisation request, in 
practice “IDLE” or ““DTMF”. If no initialisation is 
made, the default mode is “IDLE”. 
COMMAND FORMAT : 
byte 1 = 00001100 


REPORT FORMAT : 
byte 1 = status byte 


“TONE GENERATION” 


“TONES GENERATION” performs the generation 
of one or two tones. This mode operates properly 
only if “TONE GENERATION?” initialisation has 


been processed before the mode call. The tone 
frequency and amplitude values are provided by 
the microcontroller during the “TONE GENERA- 
TION?” initialisation request. 


COMMAND FORMAT : 
byte 1 = 00100000 


REPORT FORMAT: 
byte 1 = status byte 


“TONE DETECTION” 


"TONE DETECTION” performs the detection of 
one or two tones. This mode works properly only if 
“TONE DETECTION’ initialisation has been proc- 
essed before the mode call. The filter coefficients 
are defined during the “TONE DETECTION’ initial- 
isation request. 


COMMAND FORMAT: 
byte 1 = 00011000 


REPORT FORMAT: 
byte 1 = status byte 


“RECORD” 


In this mode, the ST18XSTAR performs speech 
compression and records messages into the 
ARAM. This mode operates properly only if “RE- 
CORD?” initialisation has been processed before 
the mode call. While in this mode, the ST18XSTAR 
automatically performs DTMF and energy detec- 
tion. 


COMMAND FORMAT : 
byte 1 = 01111111 
byte 2 = 00000000 
byte 3 = nbfr MSB 
byte 4 = nbfrLSB 


nbfr : number of 30ms speech frames to 
be processed: 
nbfr = 0 mode changing is forced by the 
microcontroller 


nbfr > 0 after nbfr frames processing, the 
ST18XSTAR automatically enters in the 
"DEFAULT" mode. 


REPORT FORMAT : 
byte 1 = status byte 
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued) 


“PLAYBACK” 


In this mode, the ST18XSTAR performs playback 
of compressed messages stored in the ARAM. 
This mode operates properly only if “PLAY-BACK” 
initialisation has been processed before the mode 
call. While in this mode, the ST18XSTAR automat- 
ically performs DTMF and energy detection. 


COMMAND FORMAT : 
byte 1=01111111 
byte 2 = 00000001 
byte 3 = nbfr MSB 
byte 4 = nbfr LSB 


nbfr : number of speech frames to be 
processed : 


nbfr = 0 mode changing is forced by the 
microcontroller 


nbfr 0 after nbfr frames processing, the 
ST18XSTAR automatically enters in the 
“DEFAULT” mode. 


REPORT FORMAT : 
byte 1 = status byte 


“SPEECH SYNTHESIS” 


In this mode, the ST18XSTAR performs speech 
synthesis word templates stored in a ROM. This 
mode operates properly only if “SYNTHESIS?” ini- 
tialisation has been processed before the mode 
call. The message is selected during the “SYN- 
THESIS’ initialisation request. While in this mode, 
the ST18XSTAR automatically performs DTMF 
and energy detection. 


COMMAND FORMAT : 
byte 1=01111111 
byte 2 = 00000010 
byte 3 = nbfr MSB 
byte 4 =nbfrLSB 


nbfr : number of speech frames to be 
processed 


nbofr = 0 mode changing is forced by the 
microcontroller 


nbfr 0 after nbfr frames processing, the 
ST18XSTAR automatically enters in 
the “DEFAULT” mode. 


REPORT FORMAT : 
byte 1 = status byte 


Request description 
Status request 


“NOP” 


This request is allowed with any mode. It can be 
used to get the status byte value (cf. Introduction). 


REQUEST FORMAT : 
byte 1 = 10010001 


REPORT FORMAT : 
byte 1 = status byte 


“SYNCHRO” 


This request is available with any mode. It allows 
the communication with the microcontroller to be 
synchronized with the DSP operation, in order to 
ea data every speech frame (typically every 
30 ms). 


lfa SYNCHRO request is sent by the microcontrol- 
ler during the current frame, it will be answered at 
the beginning of the communication window al- 
lowed by the ST18XSTAR in the next frame. 


REQUEST FORMAT: 
byte 1 = 10010010 


REPORT FORMAT : 
byte 1 = status byte 


“GET INFORMATION ON EVENT” 


This request is available with any mode. 

The first byte is the current information status: the 
error status is cleared at each request execution, 
the event status is cleared at the beginning of each 
frame. 


The second byte is a memorized information 
status, which contains the latest no-null error 
status, and the latest no-null event status. They are 
cleared when the “GET INFORMATION ON 
EVENT” request is called. 
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued) 


INFORMATION BYTE DESCRIPTION : 


information byte = wdiomnbe 
w = 1 wrong request operand 


|| 
d = 1 illegal request || error 
u = 1 user error || status 
oO = 1 overrun || 
m= 1 memory shortage || event 
n= 1 nbfr frames processed || status 
b = 1 message begin reached _ || 
e = 1 message end reached || 

REQUEST FORMAT : 


byte 1 = 10010011 


REPORT FORMAT : 
byte 1 = status byte 
byte 2 = dwuomnbe_ current information 

byte 
memorized informa 
tion byte 

if u=1 user error number 


byte 3 = dwuomnbe 


byte 4 = uuuuuUU 
initialisation requests 


“AUDIO-RAM INITIALISATION” 


This request is only allowed in “WAIT” mode, to de- 
fine the message storage memory configuration 
actually used with the ST18XSTAR. 

The microcontroller can reserve one part of the 
audio-RAM memory for its own use. 

The message allocation table is re-initialized when 
this request is executed. 


REQUEST FORMAT : 

byte 1 = 10100001 

byte 2 = 00000000 

byte 3 = 00O0sbmac with 

Ss = 0 dynamic memory (SMI inter- 

face) 
static memory (SMI interface) 
1 bit word size 
4 bits word size 
1 Mw memory size 
4 Mw memory size 
dynamic RAM 
audio RAM 
1 dynamic memory chip 
2 dynamic memory chips 
byte 4 = rrrrrrrr number of kilobytes reserved 
for the microcontroller 


oon M RZ 300M 
tt db wt bu dou 
-“-O + O = oO - on = 


REPORT FORMAT : 
byte 1 = status byte 


“CONVERTER INITIALISATION (A/D AND D/A)” 
This request in only authorized in a “WAIT” mode. 


REQUEST FORMAT : 
byte 1 = 10100010 
byte 2 = 000000ii 

ii = 0O ADINO 

ii = 01 ADIN1 

ii= 10 ADIN2 

ii= 11 ADIN2 
byte 3 = sOOQaaaaa initialization of the 
DAOUTO output : 

s = 1 DAOUTO is selected 

attenuation value on DAOUTO: 

aaaaa = 00000 no attenuation 

aaaaa = 00001 1 dB of attenuation 


input selection : 


aaaaa = 11100 28 aB of attenuation 

aaaaa = 11101 29 dB of attenuation 

aaaaa = 11110 infinite attenuation 

aaaaa = 11111 infinite attenuation 
byte 4 =s000aaa0 initialization of the 
DAOUT1 output : 

s = 1 DAOUTT1 is selected 

attenuation value on DAOUT1 : 

aaaa = 0000 no attenuation 

aaaa = 0001 2 dB of attenuation 


qaaa = 1110 28 dB of attenuation 
aaaa = 1111 infinite attenuation 


REPORT FORMAT : 
byte 1 = status byte 


“AUTOTEST” 
This request is only authorized in a “WAIT” mode. 


REQUEST FORMAT : 
byte 1 = 10100011 


REPORT FORMAT : 
byte 1 = status byte 
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued) 


“LOW-POWER STATE” 


This request is only authorized in a “WAIT” mode to 
put the ST18XSTAR in a “low-power” state. 

The ST18XSTAR exits from the low-power state as 
soon as the the microcontroller sends a new com- 
mand. 


REQUEST FORMAT : 
byte 1 = 10100100 


REPORT FORMAT : 
byte 1 = status byte 


Mode lnitialisation 


“IDLE INITIALISATION” 
This request is only authorized in a “WAIT” mode. 


COMMAND FORMAT : 
Mbyte 1 = 10110001 


REPORT FORMAT : 
byte 1 = status byte 


“DTMF INITIALISATION” 
This request is only authorized in a “WAIT” mode. 


COMMAND FORMAT : 
byte 1 = 10110010 


REPORT FORMAT : 
byte 1 = status byte 


“DEFAULT INITIALISATION” 
This request is only authorized in a “WAIT” mode. 


This request selects the mode processed by a 
“DEFAULT” mode call. 
COMMAND FORMAT : 
byte 1 = 10110011 
byte 2 = default mode opcode 


REPORT FORMAT : 
byte 1 = status byte 
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“TONE GENERATION INITIALISATION” 


This request is only authorized in a “WAIT” mode. 
It defines the frequency and amplitude values of 
the tones to be generated by the ST18XSTAR. 


COMMAND FORMAT : 

byte 1 = 10111000 

byte 2 = tone frequency 1 MSB 
byte 3 = tone frequency 1 LSB 
byte 4 = tone amplitude 

byte 5 = tone frequency 2 MSB 
byte 6 = tone frequency 2 LSB 
byte 7 = tone amplitude 


REPORT FORMAT : 
byte 1 = status byte 


“TONE DETECTION INITIALISATION” 


This request is only authorized in a “WAIT’mode. It 
defines the characteristics of the tones to be de- 
tected by the ST18XSTAR for line monitoring. 
COMMAND FORMAT : 
byte 1 = 10111110 
byte 2 = to be defined 


REPORT FORMAT : 
byte 1 = status byte 


“RECORD INITIALISATION” 


This request is only authorized in a “WAIT” mode. 
This request creates an entry in the allocations ta- 
ble, and initializes the speech coding. 
COMMAND FORMAT : 
byte 1 = 10000000 
byte 2 = 00000000 
byte 3 = OOO000FV 
F = 0 Error correction disabled 
F = 1 Error correction enabled 
V=0VAD disabled 
V=1VAD enabled 


REPORT FORMAT : 
byte 1 = status byte 


“PLAYBACK INITIALISATION” 
This request is only authorized in a “WAIT” mode. 


This request is looking for the entry of the message 
to be played back. 
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued) 


COMMAND FORMAT : 
byte 1 = 10000000 
byte 2 = 00000010 
byte 3 = QOOO00FO 
F = O Error correction disabled 
F = 1 Error correction enabled 


REPORT FORMAT : 
byte 1 = status byte 


“PLAYBACK SPEED INITIALISATION” 


This request is only authorized in “WAIT” or “PLAY- 
BACK” mode. This request selects the play-back 
speed. 


COMMAND FORMAT : 

byte 1 = 10000000 

byte 2 = 00000011 

byte 3 = 000000ss 
ss speed 
ss = 00 normal speed 
ss = 01 low speed (0.7 x normal) 
ss = 10 fast speed (1.5 x normal) 


REPORT FORMAT : 
byte 1 = status byte 


“SYNTHESIS INITIALISATION” 
This request is only authorized in a “WAIT” mode. 
It is used to initialize the Speech Synthesis mode. 


COMMAND FORMAT : 
byte 1 = 10000000 
byte 2 = 00000100 


REPORT FORMAT : 
byte 1 = status byte 


Message requests 
“MESSAGE RENUMBERING” 


This request is authorized only in “WAIT” mode. 
The ST18XSTAR will renumber all the messages 
stored in the ARAM, starting from number 1 and in- 
crementing the numbers (with a step 1) in respect- 
ing the message order. 


REQUEST FORMAT : 
byte 1 = 11000001 


REPORT FORMAT : 
byte 1 = status byte 
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“CREATE A MESSAGE” 


This request is only authorized in “WAIT” mode. 
The ST18XSTAR will create a new entry in the al- 
location table. 


REQUEST FORMAT : 
byte 1 = 11000010 
byte 3 = nnnnnnnn message number 
byte 4 = 00000ddd day 
byte 5 = O0Ohhhhh hour 
byte6=00mmmmmm_ minute 


REPORT FORMAT : 
byte 1 = status byte 


“DELETE A MESSAGE” 


This request is only authorized in “WAIT” mode. 
The ST18XSTAR will delete the specified mes- 
sage. The number of the remaining messages is 
not changed. 


REQUEST FORMAT : 
byte 1 = 11000011 


byte 2 = OOnnnnnn message number 


REPORT FORMAT : 
byte 1 = status byte 


“SET CURRENT MESSAGE NUMBER” 


This request, only authorized in a “WAIT” mode, 
selects the number of the message to be played 
back. 
REQUEST FORMAT : 
byte 1 = 11000100 


byte 2 = OOnnnnnn message number 


REPORT FORMAT : 
byte 1 = status byte 


“MESSAGE SUMMARY” 


This request is only authorized in a “WAIT” mode. 
The ST18XSTAR returns to the microcontroller in- 
formation on the message memory and allocation 
table : number of recorded messages, memory 
and allocation table used. 


REQUEST FORMAT : 
byte 1 = 11000101 
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued) 


REPORT FORMAT : 
byte 1 = status byte 
byte 2 = Number of recorded messages 
byte3=mmmmmmmm_ ARAM space used 
in sectors ($FF = full) 
Alloc table space 


byte 4 = aaaaaaaa 
used in % ($FF = full) 


“INFORMATION ON A SPECIFIED MESSAGE” 


This request is only authorized in “WAIT” mode. 
The ST18XSTAR returns information on a speci- 
fied message. 


REQUEST FORMAT : 
byte 1 = 11000110 


byte 2 = nnnnnnnn message number 


REPORT FORMAT : 
byte 1 = status byte 
byte 2 = 00000ddd day 
byte 3 = OO0OOhhhhh hour 
byte 4=00mmmmmm_ minutes 


byte 5 = Iilliill message length 
byte 6 = Illlllil message length 
“MESSAGE REWIND” 


This request is only authorized in “WAIT” mode. 
The ST18XSTAR rewinds backward or skips for- 
ward inside the current message. 

After rewind, the end of the message can be de- 
leted. 


REQUEST FORMAT : 
byte 1 = 11000111 
byte 2 = 000000rc 
rc = 00 rewind and delete until end of 
message 


rc = 01 no action 
rc = 10 rewind 
rc = 11 skip forward 
byte 3 = sqqqqqaqq 
S= 1 andr =11 go to end of message 
s=1 and rc = 10 go to beginning of 
message 
byte 4 = pppppppp 
When s = 0, the number of frames to re 
wind or skip is given by qqqqqqqaq 
(MSB) and pppppppp (LSB). 


REPORT FORMAT : 
byte 1 = status byte 
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“FIXED MESSAGE COMPOSITION” 


This request is only authorized in “WAIT” mode. 
The ST18XSTAR specifies the sequence of fixed 
words to be synthesized. 


REQUEST FORMAT : 
byte 1 = 11001000 
byte 2 = 0000nnnn Number of words to 


be synthesized 


byte k =j 3 <= k <= nnnn+2 
The (k-2)th word in the 
sequence is the word 
“!” of the phrase. 
REPORT FORMAT : 


byte 1 = status byte 
Detection Requests 


“SIGNAL INFORMATION REQUESTS” 


Read current energy detection thresholds 
This request is available with any mode. 


REQUEST FORMAT : 
byte 1 = 11010000 


REPORT FORMAT : 
byte 1 = status byte 
byte 2 = Oddddddd Energy detection 

threshold (in dB) 

Energy missing 

threshold (in dB) 

byte 4=Oddddddd 300-550 Hz detection 
threshold (in dB) 

byte 5=Ommmmmmm_ 300-550 Hz missing 

threshold (in dB) 


byte 3 =O0mmmmmmm 


“PROGRAM CURRENT ENERGY DETECTION 
THRESHOLDS’ 


This request is available with any mode. 


REQUEST FORMAT : 
byte 1 = 11010001 
byte 2 = Oddddddd Energy detection 

threshold (in dB) 

byte3=Ommmmmmm_ Energy missing 
threshold (in dB) 

300-550 Hz detec 

tion threshold (in dB) 

byte5=Ommmmmmm_ 300-550 Hz missing 

threshold (in dB) 


byte 4 = Oddddddd 


REPORT FORMAT : 
byte 1 = status byte 
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued) 


“INFORMATION ON ENERGY LEVEL” 


This request is available with any mode. 
The ST18XSTAR returns two bytes to give the en- 
ergy of the received signal. 


REQUEST FORMAT : 
byte 1 = 11010010 


REPORT FORMAT : 
byte 1 = status byte 
byte 2 = Oddddddd energy level (in dB) 
byte3=Ommmmmmm_300-550Hz signal 
energy (in dB) 


“INFORMATION ON DTMF DETECTION AND 
ENERGY” 


This request is available with any mode. 

The ST18XSTAR provides one byte of information 
on DTMF and energy detection for each 5ms sub- 
frame. 

For each frame, the ST18XSTAR returns six bytes 
to give the state of the received signal. For each 5 
ms subframe, the state of the signals e, k and v, is 
as follows : 


- E (bit 6) = 1 if energy level of the received sig- 
nal is higher than the upper threshold 


. e (bit 5) = 1 if the 300-550Hz signal is higher 
than the programmed detection threshold. 


_ k (bit 4) = 1 if a DTMF value has been decoded 


- V (bits 3 to 0) is the DTMF decoded key. This 
key is valid if k = 1. 

Note : 

Only bytes with bit 7 (s) set to “1” are significant, i.e. 

some bytes are not valid for frame duration shorter 

than 30ms. 


REQUEST FORMAT : 
byte 1 = 11010011 


REPORT FORMAT : 
byte 1 = status byte 
byte 2 to byte 7 respectively provide the infor 
mation for the six 5ms subframes. 
Each of these bytes is coded as follows 


Figure 8. DTMF Register 


7 0 
Vv 


BESSene 


“INFORMATION ON TONE DETECTION” 


This request is valid only during “TONE DETEC- 
TION” mode. 

The ST18XSTAR returns one information byte for 
each 5ms subframe, i.e. for each 30ms frame. 


REQUEST FORMAT : 
byte 1 = 11010100 


REPORT FORMAT : 
byte 1 = status byte 


byte 2 to byte 7 respectively provide the infor 
mation for the six 5 ms subframes. 


Each of these bytes is coded as follows : each 
bit corresponds to the result of a filter 


18/42 f SGS-THOMSON 
VM, microsecrRowics 


242 


ST18XSTAR 


SOFTWARE MANAGEMENT OF ST18XSTAR (Continued) 


Figure 9. Example of Energy Detection 


Detection 

Reference 
Missing 

Reference 


Energy of 
Processed 
Signal 


‘dt1 (<20ms) 


‘ dt2 (<20ms) 


Frame t Frame t+1 | Framet+2 | Framet+3 | Frame t+4 


BYTES SENT TO THE MICROCONTROLLER 


1 Os —Y 


<< < <x omo 


VR001929 


Important note : 


With respect to the signal received at the A/D con- ST18XSTAR is delayed by a processing time of 
verter input, the information provided by the §30msplus the transit time in the digital filters. 
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued) 
Figure 10. Example of 300-550Hz Energy Detection 


Detection 

Reference 
Missing 

Reference 


Energy of 
Processed 
Signal 


‘dt1 (<20ms) 


" dt2 (<20ms) 


Frame t Frame t+1 | Framet+2 |} Framet+3 | Frame t+4 


BYTES SENT TO THE MICROCONTROLLER 


< << <x oMmMmn 


VROA1929 


Important note : 


With respect to the signal received at the A/D con- ST18XSTAR is delayed by a processing time of 
verter input, the information provided by the 30 ms plus the transit time in the digital filters. 
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SOFTWARE MANAGEMENT OF ST18XSTAR (Continued) 
Figure 11. Example of DTMF Detection (Reception of values 3 and 8) 


Receive 
Signal 


dt2 (<20ms) 


" dt1 (<20ms) 


Frame t Frame t+1 Frame t+2 | Frame t+3 | Frame t+4 


BYTES SENT TO THE MICROCONTROLLER 


VR001930 


Important note : Reserved opcodes 


With respect to the signal received at the A/D con- The opcodes %11110000 to %11111111 are re- 
verter input, the information provided by the served. 

ST18XSTAR is delayed by a processing time of 

30 ms plus the transit time in the digital filters. 
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6 APPENDIX 
6.1 ST18XSTAR HARDWARE 


MEMORY 


STORAGE 


ROM MEMORY 
COEFFICIENTS INTERFACE 


HOST 
INTERFACE 


$T18932 
CLOCK 


DSP CORE GENERATOR 


PROGRAM 
ROM 


ANALOG ANALOG 
IN OUT 
VR001692 
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6.2 ELECTRICAL CHARACTERISTICS 


Warning: Following electrical characteristics and timings are related both to ST18XSTAR and 
ST18RXSTAR versions. 


Absolute Maximum Ratings 


[oonaingTenpwanverane | ow | | 
[Foun | wen oer daeion ftw 
[tr [ae oupacinen «| amoo|W 


Notes: 


1 Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and functional operation 
of the device at these or any conditions beyond those indicated in the operational sections of this specification is not implied 
Exposure to maximum rating conditions for extended periods may affect device reliability Standard MOS circuits handling procedure should be 
used to avoid possible damage to the device 

2. Withrespect to GND 

3. 


With respect to GND and with the condition Vin < Vpp + 0.5V 


DC Electrical Characteristics 
(Vop = 4.5V to 5.5V, Ta = 0 to 70°C) 


Digital I/O Characteristics 


[sma Tp a [ae 
a Se a ae 
ea 
[We [rowtightowtenemay | 27 | - |vwosf v | 
es ee 
a 


| Va. | Output Low Level (IOL = 1.6mA) ee. Oe re 
vor [ommutionteion=oony | ar | - | - |v | 
co | sep Corer Futoparnsomrey || we | | ma | 8 
Tt _| Senay Covet ORAMReresnory | | 18 |_| ma | 23 
Three-State (Off State) Input Current | 20 | | ao | wa || 
a 


Notes: 
1 Test conditions Vir <= 0 4V, Vin = Voo 


2 Allinputs MUST be connected 
3 Relative to ST18XSTAR only 
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6.3 ANALOG I/O CHARACTERISTICS 
Voltage References And Power Supply 


Output Low Reference Voltage 
ABIAS Input BIAS Control 


Rx Chain Characteristics 
(Measurement Band: DC to 3.4kHz) 


ee 
a 
Se 

ae 


ae 
— 


Typ. 


ae) 

oO 
CO | pr 
a | © 


signal Dynamic Range 


Power Supply Rejection Ratio 


Note 1. Measurement made at -10dB 


-70 
40 


Tx Chain Characteristics 


ee es 
a 
a 
[ero fownaocone ——SSS*d 
ee 
er eu 

aoe 

— 


< 


m 
KQ 
m 


> 


Q 
mV 


-100 
-0.5 


0.5 


Att 


Power Supply Rejection Ratio 
PSRR F=1kHz, Vac=200MVpp 
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6.4 AC ELECTRICAL CHARACTERISTICS 
Test Condition 


A crystal can be connected accross XTAL and EX- 
TAL functioning in the parallel resonant fundamen- 
tal mode, AT-cut. 


Clock Connections 


CRYSTAL CLOCK 


VRO1941 


CL1 CL2 typical value = 10pF 


AC Testing Input Output Waveform 


VRO1629B 


AC TESTING. Inputs are driven at 2 4V for a logic “1” and 0 4V for 
a logic “O” timing measurements are made at 2V for a logic “1” and at 
1 OV for a logic “O” 


3T18XSTAR 


Typical Crystal Equivalent Circuit 


VRO1942 


Typical values Rs = 10Q 
C1 =0 02pF 
C2 = 4pF 
Q> 30k 


AC Measurement Loads 


To ALL 
OUTPUTS 
5OpF 


i 


lo = 300WA 


VRO1940 
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6.5 CLOCK CHARACTERISTICS 
A 4.096MHz crystal must be connected beetween . the ST18932 DSP core 
XTAL and EXTAL to generate the pilot frequency 
for the ST18XSTAR clock generator. See ene COnvenels 
. the storage memory interface and the DRAMS 
This block generates the clock for : refresh clock. 


Main Oscillator Frequency EXTAL 


EXTAL Cycle Time (T 
EXTAL Rise and Fall Time 
PLL Start-up Time " 65.536T 


Note 1. Delay measured with a stabilized EXTAL signal when the ST18XSTAR ts recovering from low-power mode 


CLOCKS AND CONTROL SIGNALS 


Cow fame 
[enracremeny ——SSS~*~dSC 
i femomenem 
ee ee 
a 
a (2 
[6 | GLKING (input) Pulse wt <n oo 
CLKINC (Input) Rise and Fall Times Pf] ots 
ae at 
be ed 
po 


CLKINA (Input) Cycle Time | 30 | ao] ls 
CLKINA (Input) Pulse Width a 
CLKINA (Input) Rise and Fall Times a 
[a __[ekour cree tine @xTAL=aoommrey | 6d | oo | me 
[= fexcurnoerne marten Os P= 
Pe Feunoutiencedeay dS 

Pe Yaeonse won. te watt NorSeeTine | ae | 
[15 [ben 861. TOO. CR HALT NOPHowTine | 0 
[16 [eAKOUTH an eLPAGKLoW Day 
[7 eaKoUT Hen tPRoRHnOaey | 


Note 1. This delay is measured with a stabilized EXTAL signal when the ST18XSTAR is recovering from low-power mode 
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CLOCK CHARACTERISTICS (Continued) 


AC Electrical Characteristics, Clocks And Control Signals 


r %' i) 
| 
EXTAL i a aa f 
| | | 
| 2 | 2 | 
! | 


ee ee 


6 |! 7 in i | 


6 


| 5 


10 . ms 


9 
I ot 
CLKINA j 9 t 


| 
SS Se | 
112 "12 | 


CLKOUT $ 4 \ 
| 


INCYCLE 


LP,HALT,NOP, 
TEST 


LPACK f 


VRO01936 
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CLOCK CHARACTERISTICS (Continued) 


Instruction Bus 


Parameter 


30 | MP/MC to CLKOUT Setup Time 


31 | CLKOUT to MP/MC hold Time 
32 | CLKOUT to EPM Delay 


33 | CLKOUT to WPM Delay 


34 ' CLKOUT to Instruction Address Valid Delay 
35 DATA IN to CLKOUT Setup Time 
36 CLKOUT to DATA IN 


37 | CLKOUT to DATA OUT Valid Delay 


38 | CLKOUT to DATA OUT Hold Time 


AC Electrical Characteristics: Instruction Bus 


| 
CLKOUT \ \ \ \ 


IAO-IA15 


1 | | 
1 io mele, | 


IDO—ID31 
DATA IN 


IDO-1D31 
DATA OUT 


VRO01937 
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CLOCK CHARACTERISTICS (Continued) 


Storage Memory Interface 

Values are given with: 

-~ CLK = 4.096MHz (EXTAL) 

. CLK Ratio = CLK High Level duration 

. CLK Period = 40% to 60% 

Switchings Characteristics For Dynamic Memories Accesses 


52 | WRITE. Data Setup Time ae 
ss [Ware ouetiostine™ | as || 
| 60 | CbR. RASO (and 1) Low Pulse Duration “? oe a a 
CbR. Delay Time CAS Low to RASO (and 1) Low “) | me forts 
CbR. Delay Time RASO (and 1) Low to CAS High ") eo a ae 
CbR.MWE High Setup Time before RASO (and 1) Low a 
64 | CbR.MWE High Hold Time after RASO (and 1) Low re a 


Note 1. Parameter affected by the clock CLK ratio. 
CbR means: CAS-before-RAS Refresh Cycle 


Timing Requirement For Dynamic Memories Read Accesses 


ee 
ss [fea vom? SiC Cs 
[ss [head daa Seun tine woe RGnn || 
[se [head ainasTieaterGaSHgh | | i 
[7 [read OaaisraereaneaSHn | | |e 
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CLOCK CHARACTERISTICS (Continued) 


Switching Characteristics For Static Memories accesses 


ee ae 
1 
750 


L el Read or Write Cycle Duration r i 
ae MCS Low Pulse Duration a 


WRITE. Data Setup Time ""? 


Note 1. Parameter affected by the clock CLK Ratio 


Timing Requirement For Static Memories Read Accesses 


i a ee 
| 76 | Read MCS to Output in Low-Z 


READ Data Hold Time after MCS High 


READ Data Bus Release after MCS High 


76 
77 
78 

9 


30/42 (7 SGS-THOMSON 
a aaa IT. icRosLes 20Rnes 
254 


ST18XSTAR 


CLOCK CHARACTERISTICS (Continued) 
Dynamic Memories Write Cycle Timing 


Memory Access Cycle 


I | 
RASO or RAS1 | ! \ 


<——aeer | 
KAKA row AXAKA —couuwn XX AXA 
| 90 


| 
7 0700. 000,050,000) 
| 


VROO01926 


KAA row AXXAN coun NAKA 
1 50 ' 


54 
| 


AD CO A 


| | 
57 | 
| 
(1) VALID DATA IN —_—> VROA1926 
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CLOCK CHARACTERISTICS (Continued) 


CAS-before-RAS Refresh Cycle 


Memory Access Cycle 


| 
fen — / 
RASO and RAS! 
| 


VROB1926 


Static Memories Write Cycle Timing 


Memory Access Cycle 


<> 
00000 a 014000500050 


VROC1926 
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CLOCK CHARACTERISTICS (Continued) 


‘Static Memories Read Cycle Timing 


Memory Access Cycle 


os 


7178 : | 

| Se ee ee 

WOK (1) AK 
| 


(1) VALID DATA IN 


VROD1926 
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CLOCK CHARACTERISTICS (Continued) 


a 
Se 

er | sebasswmin ssid «| we | i 
[ee sRBansswrrusewan | Cw 

[we [stbiesoosoromowoey | S| | 
D ae 
Cs 
TT 
a 


Mailbox Interface 


SRD to SDO-SD7(Data Out) Hold Time 5 i 
SRD to SDO-SD7(Data Out) High Impedance Ff fons 


SDO0-SD7 (Data In) to SWR Setup Time 


SWR to SDO-SD7(Data In) Hold Time 


AC Electrical Characteristics: Mailbox Interface 


SDO-SD7 
DATA IN 


VROO1927 
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CLOCK CHARACTERISTICS (Continued) 


Synchronous Serial Interface 


a 
lO 
a 
Te [peenieowreine me 
[18 __[ Face oacicraingsae sate | || 
[oe [ecikvaing sepa ace noiting fs | | 
a 
[os _[ecirining sipicoxtich mee fit |e 
[or [orinscixaimesieseiptine | [|e 
[100 | scikraingsipeoonnoatne +] | id 


Serial Interface Timing 


FRAME m FRAME (m+1) FRAME (m+1) ' 


VRO01928 


Notes: 


1 BCLK can be inverted, then the output data (DX) is transmitted on the falling edge of BCLK and the input data (DR) is sampled on the rising 
edge of BCLK 

2 FScanbea 1-bit or a half-Frame long pulse (positive or negative) in pulse modes operation 
FS can be a high or low level, lasting for the whole frame of data in level modes operations 

3 When the SSI has the mastership of the bit clock and the frame synchro signals, the BCLK period depends on the DSP-CORE CLKOUT 
period and the SSI control register 3 
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CLOCK CHARACTERISTICS (Continued) 


Parallel Port 


“ 130 ~ PY P3,Data In) to CLKOUT Setup Time Fae fins 
a 1344 _ , CLKOUT to P1-P3 (Data In) Hold Time i 

Loe | eLKOUT to P1-P3 (Data Out) Delay FT] ss 
7 133 | CLKOUT to P1-P3 (Data Out) Hold Time Pos |] ts 


AC Electrical Characteristics: Parallel Port 
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CLOCK CHARACTERISTICS (Continued) 


Data Bus In Debug/Emulation Mode (deb #2) 
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AC Electrical Characteristics: Data Bus In Debug/Emulation Mode (deb #2) 
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6.6 PACKAGE MECHANICAL DATA 
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ROMLESS STATIC ANSWERING AND RECORDING CHIP 


The ST18RXSTAR is the ROMless version of the 
ST18XSTAR. 


The ST18XSTAR is a high quality low bit rate 
speech synthesis and recording system. Using 
ACELP type algorithms for voice compression at 
4800bps, it offers the most competitive compro- 
mise between speech quality and memory size. It 
also includes voice synthesis capability, generated 
from a non volatile memory to produce predefined 
messages. Including tone and DTMF detectors for 
remote control operation, it is suitable for use in an- 
swering machines, answering telephone sets, 
cordless answering telephone sets,voice mail sys- 
tems and memo recorders. 


= Low bit rate (4.8kbps) speech coding and decod- 
ing system. 

Ultra low bit variable rate (<1.5kbps) speech syn- 
thesis message capability. 

Voice storage memory capability up to 32Mbits. 


a Integrated implementation on one Digital Signal 
Processor (DSP) chip. 


= Low power design: 

_~ Single 5V power supply, 

. Maximum active power consumption 500mW, 
- Sleep power Mode 1.5mA for ARAM refresh. 


=» Reduced size and power consumption suitable 
for standard voice answering and recording ma- 
chines, cordless phones with voice recording 
Capability, memo recorders. 


a» Extended modes of operations and features : 

- Fast and slow read/skip modes. Messages 
monitoring. 

. Voice messages for remote operation through 
telephone line. 


. Possible use of SRAMs, DRAMs, ROMs or 
EPROMs. 


September 1993 


PRELIMINARY DATA 


PQFP160 


(Ordering information at the end of the datasheet) 


Advanced error correction algorithms allowing 
use of ARAMs. 


Programmable call progress and call waiting 
tone generators/detectors including DTMF,com- 
ply with PAA/TPA/AGH/1 764 specifications. 


Programmable voice activity detection for si- 
lence compression. 


Programmable output attenuation level (for re- 
mote call screening). 


Wide dynamic range ( 48dB). 


PCM 64Kbps coding mode for high-quality in- 
coming/outgoing messages. 


Versatile Interfaces 
3 to 1 muxed single-ended A/D input. 


2 D/A independently programmable output 
drivers. 


On-chip converters. 
Host processor parallel interface. 
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1 PIN DESCRIPTION Figure 1. 160 Pin Quad Flat Pack (QFP) Package 


Warning: This pinout is only related to 
ST18RXSTAR Emulation ROMless version. 


VROG1649 


ST18RXSTAR (Emulation ROMless version) Pinout 
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2 ST18RXSTAR HARDWARE 


MEMORY 


STORAGE 


ROM MEMORY 
COEFFICIENTS INTERFACE 
soa MAILBOX 
INTERFACE 


9118932 
CLOCK 


DSP CORE GENERATOR 


PROGRAM 
ROM 
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3 PACKAGE MECHANICAL DATA 
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SALES OFFICES 


EUROPE 


DENMARK 


2730 HERLEV 

Herlev Torv 4 

Te! (45-44) 94 85 33 
Telex 35411 

Teletax (45-44) 948694 


FINLAND 


LOHJA SF-08150 
Ratakatu, 26 

Tel (358-12) 155 11 
Telefax (358-12) 155 66 


FRANCE 


94253 GENTILLY Cedex 
7 - avenue Gallien: - BP 93 
Tel (33-1) 47 40 7575 
Telex 632570 STMHQ 
Telefax (33-1) 47 40 79 10 


67000 STRASBOURG 
20 Place des Hailes 

Tel (33-88) 75 50 66 
Telefax (33-88) 22 29 32 


GERMANY 


85630 GRASBRUNN 
Bretonischer Ring 4 
Postfach 1122 

Tel (49-89) 460060 
Telefax (49-89) 4605454 
Teletex 897107=STDISTR 


60327 FRANKFURT 
Gutleutstrasse 322 

Tel (49-69) 237492-3 
Telefax (49-69) 231957 
Teletex 6997689=STVBF 


30695 HANNOVER 51 
Rotenburger Strasse 28A 
Te! (49-511) 615960-3 
Teletex 5118418 CSFBEH 
Telefax (49-511) 6151243 


90441 NURNBERG 20 
Erlenstegenstrasse 72 
Tel (49-911) 59893-0 
Telefax (49-911) 5980701 


70499 STUTTGART 31 
Mittlerer Pfad 2-4 

Tel (49-711) 138968-0 
Telefax (49-711) 8661427 


ITALY 


20090 ASSAGO (Ml) 
V le Milanofior: - Strada 4 - Palazzo A/4/A 
Tel (39-2) 57546 1 (10 linee) 
Telex 330131 - 330141 SGSAGR 
Telefax (39-2) 8250449 


40033 CASALECCHIO DI RENO (BO) 
ViaR Fucin 12 

Tel (39-51) 593029 

Telex 512442 

Teletax (39-51) 591305 


00161 ROMA 

ViaA Torionia 15 

Tel (39-6) 8443341 
Telex 620653 SGSATE | 
Telefax (39-6) 8444474 


NETHERLANDS 


5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tei (31-40) 550015 


Telex 51186 
Telefax (31-4C) 528835 
SPAIN 


08021 BARCELONA 

Catle Platon 64" Flaor 5™ Door 
Tel (34-3) 4143300-4 143361 
Telefax (34-3) 2021461 


28027 MADRID 

Calle Albacete 5 

Tel (34-1) 4051615 
Telex 46033 TCCEE 
Telefax (34-1) 4031134 


SWEDEN 


S-16421 KISTA 
Borgarfjordsgatan 13 - Box 1094 
Tel (46-8) 7939220 

Telex 12078 THSWS 

Telefax (46-8) 7504950 


SWITZERLAND 


1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 

Tel (41-22) 7986462 

Telex 415493 STM CH 

Telefax (41-22) 7984869 


UNITED KINGDOM and EIRE 


MARLOW, BUCKS 
Planar House Parkway 
Globe Park 

Tel (44-628) 890800 
Telex 847458 

Telefax (44-628) 890391 


* 


SALES OFFICES 


: AMERICAS 


“™— _ ws 


BRAZIL 


05413 SAO PAULO 
R Henrique Scnaumann 286-CJ33 
Te’ (55-11) 883 5455 
Teiex (391,7*-27988% ‘'UMBR BR 
* Jeletax (£5 1°! 2232-2367 


CANADA 


NEPEAN ONTARIO K2H 9C4 
301 Moodie Dr've Su'te 307 


t Tei (613) 829-9944 


Televax (613) 829-8998 


U.S.A. 


NORTH & SOUTH AMERICAN 
MARKE NG HEADQUARTERS 
55 U'd Bedtord Road 

Lircoln, MA 01773 

Te! (6147) 259-0300 

Teietaxy (6171259 4121 


SALES COVERAUE ty STATE 


ALABAMA 

Bley toyive Tee §ORE  F 38 EQOs 
PR ne RSS dea 

ARIZONA 


- Daw, 


Phoenx- Tei 105 6567-6217 
Fax (652°) 667-6200 


CALIFORNIA 

Sania Ana - Te: 1714) 957-6048 
tax (714) 957-3281 

Sar Jose- Te +408) 452-8585 
Fax 1452) 1549 


COLORADO 
Boulder - Tet (3803) 449-9000 
Fax (393) 449-95U5 


FLORIDA 


' Boca Raton - Tel (467) 997-7233 


- 


oe ee 


Fax (407) 997-7554 


GEORGIA 
Norcross - Te! (404) 242-7444 
Fax \404) 368-9439 


ILLINOIS 
scnaumpurg- Te (708) 517-*890 
Fax (708) 5177-1899 


INDIANA 


| Kokorig - Tei (317) 455-3500 


Fax i317) 455 3400 
Indianapolis - Tel (317) 575-5520 
Fax (317) 575-8211 


‘ MICHIGAN 
| Livonia- Tel (313) 953-1700 
‘ Fay (343) 462-407° 


* MINNESOTA 
Bloomington - Tei (612) 944-0098 
Fax (612) 944-0133 


NORTH CAROLINA 
"Cary - Tei (919) 469-1311 
Fax (919) 469-4515 


NEW JERSEY 
‘Voorhees - Te! (609) 772-6222 
Fax (609) 772-6037 


NEW YORK 
* Poughkeepsie - Tel (914) 454-8813 
Fax (914) 454-1320 


' 


OREGON 

Lake Oswego - Tei (503) 635-7650 
TENNESSEE 

Knoxvile - Te (615) 524-6239 
TEXAS 

Ausit - Tes (5127 402-3620 


Fax 41%) 340-6260 
Carrolior Je t2!4) 466-8444 
Fay +244} 406-8130 
Houston - Ter (7°13) 376-9936 
Fax . 13) 376-9948 


FOR RF AND MICROWAVE 
POWER TRANSISTORS CON- 
TACT 

THE FOLLOWING REGIONAL 
OFFICE INTHEUSA 


PENNSYLVANIA 
Morigomeryville - Ter (215) 361-6400 
Fax 1215) 3€1-1293 


ASIA / PACIFIC 


AUSTRALIA 
NSW 2220 HURTSVILLE 


Suave Levee 7 Ons House 
43 Brage Street 

Ter 161 2) 5803811 

Teletax (63 2) 5806440 


HONG KONG 


WANCHAI 

22nd Fioor - Hopewel: centre 
*83 Queers Road Eas’ 

Te (552) 66145788 

Teiex 60955 ESGIES HX 
jeretax (352) 8656589 


INDIA 


NEW DELHI 110019 

Liasor O4.ce 

3rd Floor F-Block 

International Trade Tower 
Nerr,Piace 

Tet 191-174) 644-5928, 647-9415 
Telex 331-76193 STMIIN 
Teietax (91-11) 6424615 


MALAYSIA 


SELANGOR, PETALING JAYA 46200 
Unit BM-10 

PJ Industral Park 

Jalan Kemajuan 12/18 

Tel (03) 758 1189 

Telefax (03) 758 1179 


PULAU PINANG 10400 

Ath Floor - Suite 4-03 

Bangunan FOP-123D Jalan Anson 
Tel (04) 379735 

Telefax (04) 379816 


KOREA 


SEOUL 121 

8th floor Shinwon Building 
823-14 Yuksam-Dong 
Kang-Nam-Gu 

Tei (82-2) 553-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 


SINGAPORE 


SINGAPORE 2056 

28 Ang Mo Kio - Industral Park 2 
Te (65) 4821414 

Teiex RS 55201 ESGIES 

Teiefax (65) 4820240 


TAIWAN 


TAIPEI 

12th Floor 

325 Section 1 Tun Hua South Road 
Te! (886-2) 755-4111 

Terex 10310 ESGIE TW 

Telefax (886-2) 755-4008 


THAILAND 


BANGKOK 10110 

54 Asoke Road 
Sukhumvit 21 

Tei (662) 260 7870 
Teletax (662) 260 7871 


JAPAN 


TOKYO 108 

Nissek: - Takanawa Bid 4F 
2-18-10 Takanawa 
Minato- Ku 

Tei (81-3) 3280-4121 
Telefax (81-3) 3280-4131 


Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the 
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No 
license Is pelted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specification mentioned 
In this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. 
SGS-THOMSON Microelectronics acre are not authorized for use as critical components in life support devices or systems without express 
written approval of SGS-THOMSON Microelectronics. 
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